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Thesis Abstract 
 
 
Chinese herbal medicines (CHM) are widely used in China and exported worldwide. 
However, the presence of adulterants and substitutes in the market is a recurring problem, 
and may result in completely different or weaker pharmacological actions compared with 
their authentic counterparts or even adverse reactions. Therefore, the identification or 
authentication of CHM is not only important to ensure the therapeutic potency of dried 
commercial CHM but also to protect public health and safety. 
 
Since genomic DNA was used directly for target preparation for the Subtracted Diversity 
Array (SDA), the quality and purity of the DNA is crucial for this technique. A developed 
CTAB method was used in this study based on a comparison with three previously 
published methods and a modified CTAB method. Furthermore, DNA isolated from four 
dried commercial CHM samples representing different species were used to prepare 
targets in a separate experiment. These species were successfully discriminated in a 
preliminary fingerprinting. 
 
Seven dried commercial CHM were correctly clustered using a developed SDA based on 
comparison of the signals of the features on hybridizations. The hierarchical clustering 
generated from the fingerprinting of dried materials conformed to the predicted 
taxonomical relationships of these species in the APG II classification system (2003). 
Furthermore, in a separate experiment Panax ginseng (Chinese ginseng) and P. 
quinquefolius (American ginseng), two species that were not used in the creation of the 
initial genomic DNA pool, were discriminated. Also, a small level of substitution (10% 
 vi 
P. quinquefolius DNA in pure P. ginseng DNA) was differentiated from these two Panax 
species, indicating that the developed DNA microarray-based technique may be suitable 
for the fingerprinting of dried CHM samples at the species level. 
 
To establish the identity of the polymorphic sequences, and to calculate the redundancy 
of the probes for the SDA, 152 clones spotted as features on the SDA were randomly 
selected and sequenced. 106 individual sequences (70.6%) possessed “significant 
matches” in the SwissProt® and SpTrEMBL® databases. In total, 151 DNA sequences 
were divided into five categories according to the descriptions of the database entries. 
Forty DNA sequences (26.7%) were matched to “retroelements”, 35 (23.3%) were 
matched to “genes”, 42 (28.0%) were matched to “putative uncharacterized protein”, 12 
(8.0%) were classified as “unknown” due to poor match, and the remaining 21 DNA 
sequences (14.0%) obtained “no hits” in the existing databases. Also, 81 unique 
sequences were subsequently identified, giving a redundancy of 1.9 fold (53%) for the 
SDA probe set. 
 
Further work is required using the SDA to differentiate a greater range of closely related 
species and samples from the same species derived from different locations and 
processed and/or stored under different conditions in order to evaluate the utility of this 
method for commercial application in CHM quality control. To do this, refinements to 
increase the sensitivity and discrimination level of the SDA may be necessary. 
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1.1        Introduction 
 
 Compared with “Western” medicines, the practice of Chinese herbal medicines 
(CHM) is more concerned about the balance of the body (Lyle and Jean, 2002). 
Approximately 5,000 plant species (The Chinese Materia Medica Dictionary, 1977) 
were used as CHM in China for various treatments, as the bioactive compounds in 
these plants may affect cell communication and signalling (Ralt, 2005), inflammatory 
responses (Yeh et al., 2007) and aid in the prevention of disease (An and Yang, 
2006). With its multi-target effects, CHM has become one of the most popular and 
respected alternative medicine and health supplements. 
 
Authentication or identification is the foundation to ensure the correct use of CHM. 
Firstly, adulterant or substitutions of CHM may lead to toxicity (Ma et al., 2001). For 
instance, herbal products containing Aristolochia sp. contains poisonous aristolochic 
acid (AA), which has been associated with serious renal toxicity (Lee et al., 2004; 
Zhao et al., 2008). Secondly, toxic and potent Chinese Medicine Materials (CMM) 
are attracting interest for their unique advantages in dealing with fatal diseases e.g. 
cancer (Efferth, 2005). However, the effective constituents inside are often poisonous 
and may lead to great harm by their misuse (Tagwireyi et al., 2000). Therefore, the 
accurate identification and authentication of commercial CHM is important to ensure 
the safety of consumers. 
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The authentication or identification methods for CHM were reviewed recently. For 
instance, Yip et al. (2007) introduced nine Polymerase Chain Reaction (PCR)-based 
methods, and compared the advantages and disadvantages of these techniques. 
However, the array-based fingerprinting was only introduced briefly in this paper. 
Zhang et al. (2007) briefly introduced the main techniques used to identify or 
authenticate CHM including commercial products. However, the author only detailed 
oligonucleotide microarrays and gene-based probe microarrays for identifying herbal 
plants such as Dendrodium species. More recently, Sucher and Carles (2008) did an 
intensive review work which including the herbal species that have been authenticated 
in previous studies. Also, the authors summarized the advantages and disadvantages 
of each authentication technique. However, considering that the rapid development of 
array-based techniques, new microarray e.g. Subtracted Diversity Array (SDA) was 
not included in that review study. 
 
In this review, the traditional and current identification techniques e.g. morphological 
and histological methods, chromatographic fingerprinting will be introduced first. The 
main focus of this review, however, will be on DNA-based fingerprinting approaches, 
and more specifically, on DNA-array based fingerprinting. 
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1.2        History of CHM 
 
The history of herbal medicines in China spanned thousands of years (Teng et al., 
2006). The first written documentation on CHM in the world, namely “Yellow 
Emperor's Canon of Internal Medicine”, summarized the physiology, pathology, 
prevention, diagnosis and treatment of various ailments. “Shen Nong’s Herbal 
Classic”, the first classical work on Chinese materia medica, contains details of 365 
drugs and was published around 1,800 years ago. 
(http://www.china.org.cn/archive/2006-10/27/content_1185685.htm). CHM was 
developed quickly from the Tang Dynasty (618-907) to the Ming Dynasty (1368-
1644), which was reflected by the increased number of drugs from 659 to 1892 
included in the CMM (http://www.china.org.cn/archive/200610/27/ 
content_1185685.htm, 08/2006). The modern pharmacology of CHM started in China 
from 1920s, many CHM e.g. Radix Angelicae sinensis and Radix Stephaniae 
tetrandrae were studied by phytochemists and pharmacologists. With the 
establishment of TCM colleges and TCM hospitals in China, CHM was significantly 
modernized from the 1950s onwards. 
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1.3        Global CHM market 
 
CHM and its products are widely used in China and exported worldwide. The State 
Administration of CHM has reported that about 400,000 tons of CMM valued at about 
US$ 2 billion were produced in around 1,020 pharmaceutical factories in 1995 
(Dobosa et al., 2005). According to the Chinese Association of CHM, China exported 
CHM valued at 830 million U.S. dollars to 164 countries and regions around the 
world in 2005 (http://www.chinese-embassy.org.za/eng/zgxw/t251424.htm, 
05/07/2006). Meanwhile, CHM products are playing a more important role in the 
medicinal market since China became a member of the World Trade Organization. 
 
CHM was adopted throughout much of the western world, which was reflected by a 
growing market in the past several decades. For instance, approximately 300,000 
practioners of CHM were registered in over 140 countries (Scheid, 2000), and it is 
predicted that the global CHM market will reach US$400 billion by 2010 (Wang and 
Ren, 2002). In the U.S.A., the number of licensed CHM providers increased three fold 
from 1992 (Bensky and Gamble, 1993) because some CHM were classified legally as 
ingredients in “dietary supplements” (Chau and Wu, 2006). In the United Kingdom, 
crude drugs including herbal plants are classified as unlicensed medicines except AA 
or any herb that contain AA (MHRA press release, 2001). Approximately 57% of 
£M115 spent on complementary medicines was derived from herbal medicines 
(Barnes, 2003) in 2000. In Germany, approximately 33% of questionnaires was 
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frequently used CHM according to a previous survey (Joos et al., 2006). In Australia, 
around 2.8 million acupuncture and Chinese medicine consultations were performed 
in 1997 (Bensoussan and Myers, 1997). Approximately 26% of the national 
population used CHM valued at $AUD 2.3 billion (MacLennan et al.., 2002), four 
times of the public contribution to all pharmaceuticals in 2000 (MacLennan et al., 
2002). The Chinese Medicine Registration Board (CMRB) of Victoria had 779 
registered practitioners (Government of Western Australia, 2005) till June 2005. All 
these highlight the increasing requirement of CHM in healthcare systems around the 
world. 
 
 
1.4        Adulterants and substitutes of CHM 
 
Adulterants and substitutes in the market may have completely different or weaker 
pharmacological actions compared with their authentic counterparts. The main 
reasons for the problems with CHM include confused nomenclature, similarity in 
shape and appearance of the substitute/adulterant, reversal of names, mixed use of 
medicinal parts or plants of similar species (Zhao et al., 2006). For instance, 
Polygonum aviculare L. and P. plebeium R. Brown are species with very similar 
appearance, and are often found in mixed preparations. Akebia quinata (Thunb.) 
Dence. may be substituted by Aristolochia manshuriensis Kom (Zhao et al., 2006). 
Dried roots of Panax japonicus C.A. Mey. And P. ginseng C.A. Mey. are often co-
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substituted, due to their highly similar morphological appearance (Um et al., 2001). 
Furthermore, substitution involving a different species, but possessing the same, or a 
similar herb name may lead to intoxication (Chen et al., 2002a; Ma et al., 2001; Yuan 
et al., 2000; Zhu et al., 2002). Therefore, the identification or authentication of CHM 
may ensure the therapeutic potency of dried commercial CHM. 
 
 
1.5    DNA extraction 
 
The quality and purity of extracted DNA is essential for successful DNA 
fingerprinting. In the following sections, the most commonly employed DNA 
extraction methods will be discussed. 
 
1.5.1    DNA extraction from dried commercial CHM 
Extracting genomic DNA from plants includes three steps, (1) cell disruption, (2) 
removal of insoluble particulates, (3) DNA precipitation. First of all, physical 
grinding, homogenizing using liquid nitrogen (Sharma et al., 2003) or freeze-drying 
(Sperisen et al., 2000) are normally employed to break down the cell walls. 
Furthermore, insoluble particulates need to be removed by centrifugation, while the 
soluble proteins are extracted from DNA using phenol-chloroform or chloroform-
isoamylethanol-phenol. The DNA in aqueous phase is subsequently precipitated by 
ethanol or isopropanol, and washed thoroughly by ethanol to remove salts (Aljanabi et 
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al., 1997; Fang et al., 1992). The purified DNA pellets are re-suspended in 
appropriate buffer or sterile distilled water and stored at -20ºC. For the dried 
commercial CHM samples, the concentration of some contaminants e.g. 
polysaccharides are likely to be high, which may affect the isolation of good quality 
DNA from those samples. 
 
1.5.1.1    Polysaccharides 
Polysaccharides are common contaminants that are difficult to remove from genomic 
DNA, because it may co-precipitate with DNA (Puchooa et al., 2004; Wilkie et al., 
1993). The remaining polysaccharides in the DNA sample may subsequently interfere 
with the activities of Taq DNA polymerases (Fang et al., 1992; Tel-Zur et al., 1999) 
and DNA modification enzymes, making the isolated DNA unsuitable for 
downstream processing (Pirttilä et al., 2001). Therefore, removing of these 
contaminants is necessary for the DNA extraction from dried commercial CHM. 
 
1.5.1.2    Polyphenolics 
Polyphenolics e.g. terpenoids are found widely in the plant kingdom, and are difficult 
to be removed from nucleic acids by normal extraction protocol (Porebski et al., 
1997). During tissue homogenization, polyphenolics may be oxidized and 
subsequently interact and bind with protein and nucleic acids. Therefore, DNA 
samples containing this contaminant are of poor quality, and may not be suitable for 
PCR amplification, restriction enzyme digestion (Peterson et al., 1997; Porebski et al., 
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1997; Puchooa et al., 2004; Sarwat et al., 2006), DNA fingerprinting (Porebski et al., 
1997; Puchooa et al., 2004) and other downstream processes. The chemicals used to 
remove the contaminants will be discussed in section 2.4.1. 
 
1.5.1.3    Proteins and RNA 
Proteins and RNA may co-precipitate with DNA and affect the quantification of 
DNA, producing misleading results (Ahmad et al., 2004; Barnwell et al., 1998). 
Therefore, some chemicals and reagents e.g. SDS are usually employed to denature 
proteins, organic solvents e.g. phenol and chloroform are subsequently used to 
remove these proteins by extraction. RNA is usually removed after DNA extraction, 
by incubating DNA samples with RNase at 37ºC for at least 15 minutes. 
 
1.5.2    Current DNA extraction methods 
Current DNA extraction protocols used in studies on the authentication or 
identification of CHM include the CTAB method (Doyle and Doyle, 1987) and its 
modifications (Huang et al., 2000; Yan et al., 2004), the SDS method (Hasan et al., 
2008), the high salt-low pH method and the commercial DNA extraction kits 
(Drábková et al., 2002). These protocols are introduced briefly in the following 
sections. 
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1.5.2.1    CTAB method 
The CTAB method (Murray and Thompson, 1980) and its modifications are the most 
popular DNA extraction method for plants. CTAB has the functions of lysing cells, 
solubilizing proteins and precipitating nucleic acids in the isolation process (Allers 
and Lichten, 2000). It forms a complex with DNA in a low ionic environment and 
separates it from polysaccharides and polyphenolics. Additionally, a CTAB-NaCl 
solution binds proteins in the digested cell lysate which facilitates DNA separation 
from proteins by producing intermediate ring of protein (Allers and Lichten, 2000). In 
the previous studies, the quality of DNA isolated from the CHM samples using the 
CTAB method and its modifications were suitable for authenticating or identifying 
those CHM (Cai et al., 2000; Cheng et al., 1997a; Cheng et al., 1997b; Cheng et al., 
1998; Li et al., 2001; Yang et al., 2001).  
 
     1.5.2.2    SDS (Sodium Dodecyl Sulphate) method 
SDS method is another method that has been used to extract DNA from herbal 
medicine, e.g. Gynostemmna pentaphyllum (Thumb) Makino (Tang et al., 2008). SDS 
is used to lyse cells and nuclear membranes. Also, other reagents e.g. proteinase K 
(Moore, 1989; Davis et al., 1986) have been used with the SDS and were found 
helpful for extracting good quality DNA from Eukaryotes. However, a potential 
weakness of this method is the SDS as a contaminant was detected in the DNA 
isolated from samples, e.g. fresh and dried roots of Panax ginseng, P. quinquefolius 
and P. notoginseng (Luo et al., 2001). The SDS contaminant inhibited the activity of 
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Taq polymerase in the subsequent PCR amplification, even at low concentration, as 
little as 0.01% (Goldenberger et al., 1995).  
 
1.5.2.3    High salt-low pH method 
This method has been used to extract DNA from herbal plants e.g. Akebia trifoliata 
Koidz. (Zhang and Wang, 2005). An extraction buffer in an environment of high salt 
and low pH is helpful to precipitate proteins. However, this method may not be 
suitable for extracting high purity DNA from samples which contain high 
concentration of polysaccharides. For instance, this method was unsuccessful in 
removing polysaccharide contaminants from the DNA isolated from Pinus 
massoniana. 
 
1.5.2.4    Commercial Plant Extraction Kit 
Several commercial plant DNA extraction kits have been used to isolate DNA from 
herbal plants. For example, the QIAgen™ DNeasy® Plant Kit was used to isolate 
DNA from herbarium specimens of Juncus and Luzula (Drábková et al., 2002), 
Ophiopogon japonicus (Xu et al., 2002) and Belamcanda chinensis (Huang et al., 
2002). Other commercial kits e.g. the QIAgen™ QIAquick® PCR Purification Kit and 
the GenElute™ Plant Genomic DNA Purification Kit (Drábková et al., 2002) were 
also employed for DNA extraction from historical herbarium specimens of Juncaceae. 
Compared with the other method, the researchers used these kits were benefit from 
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easy operate in short time e.g. within one hour. However, the commercial kits are not 
cost effective enough to be used on a general laboratory scale (Varma et al., 2007). 
 
 
1.6        Identification of CHM 
 
Identification of CHM is essential for the quality control of the dried commercial 
CHM products. Current identification techniques include morphological and 
histological methods, chromatographic fingerprinting, DNA fingerprinting and DNA-
based microarray. However, identification of CHM is difficult for herbal materials 
with similar morphology, especially for the dried commercial materials with highly 
degraded DNA and the presence of contaminants e.g. polysaccharides and 
polyphenolics. Therefore, a reliable, robust and appropriate technique is necessary for 
the identification of CHM. 
 
1.6.1   Morphological and histological methods 
Traditional identification techniques e.g. morphological and histological methods 
have been employed for the investigation of the botanical relationship of dried CHM 
(Guan et al., 2003). The morphological method is based on the variations in shape, 
colour, odor and texture of the herbs, which is efficient for the identification of CHM 
with the advantages of speed, reliability, simplicity and low cost. Histology is based 
on microscopic examinations of the characteristics of tissue structure and arrangement 
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in cork cell, cortex, sieve tubes and xylem vessels (Zhang et al., 2007). Microscopy is 
now a widely accepted means for identifying CHM (Kang, 2003). In addition, 
fluorescence light and polarized light microscopy was used in the identification of 
medicinal herb from similar species of the same genus (Liang et al., 2006). 
 
However, morphological and histological methods are subjective, i.e. highly 
dependent on the examiners. Both of these methods are ineffective for identifying 
genuine material from closely-related substitutes (Zhao et al., 2003a), unsuitable for 
the identification of modern herbal drugs e.g. herbal capsules, and inefficient for 
identification of the substitutes from related species with similar histological 
characteristics (Zhang et al., 2007). 
 
1.6.2   Chromatographic fingerprinting 
Chromatographic techniques for fingerprinting CHM include thin-layer 
chromatography (TLC) (Dong and Bai, 2007), gas chromatography (GC) (Wu et al., 
2005), high-performance liquid chromatography (HPLC) (Barakat et al., 1997; 
Schaneberg et al., 2003), Nuclear magnetic resonance (NMR)-based technique, X-ray 
and high-performance thin-layer chromatography (HPTLC) (Xie et al., 2006). TLC is 
a method normally used for identifying CHM by comparing the separated bands with 
control references. This technique is popular as it is inexpensive, and a lower skill 
level is required compared with other techniques (Barene et al., 2003; Matysik and 
Giryn, 1996; Simonovska et al., 2003), so it is normally considered as the first choice 
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before other comprehensive chromatography methods were employed. Therefore, 
TLC is a convenient method for determining the adulterants of CHM and ensuring the 
quality of CHM (Huang et al., 2001; Zhang et al., 2007). However, the sensitivity of 
TLC fingerprinting is lower than other chromatographic fingerprinting and may not 
be efficient for authenticating closely related species of CHM. 
 
The GC method is used to characterize the presence of impurities by a comparison 
between the composition and relative concentration of the organic compounds in the 
volatile oil (Soleas and Diamandis, 1997). Many pharmacologically active 
components in CHM are volatile chemical compounds, the adulterants or substitutes 
may be identified according to the variety of the volatile oil (Bunzel et al., 2001). 
However, the GC technique is unsuitable for analysing polar samples and non-volatile 
compounds on CHM (Liang et al., 2004). 
 
HPLC is a high throughput technique for determining small amount of impurities of 
CHM with the advantages of high sensitivity and high reliability. Compared with 
TLC and GC, not affected by the volatility or stability of the sample compound 
ensures HPLC a broader adoption and higher separation ability for identifying CHM 
(Liang et al., 2004; Nie, 2004). For instance, accurate and reproducible reversed-
phase HPLC were developed and employed in the previous studies (Dräger, 2002; 
Gurley et al., 2000; He et al., 2005; Michelitsch et al., 2000; Robards, 2003; Roman, 
2004; Zhao et al., 2005; Zhao et al., 2007). In some cases, this technique becomes the 
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routine procedure for identifying herbal materials (Lin et al., 2001; Thanawiroon and 
Linhardt, 2003). However, HPLC results may be affected by the variations in growing 
conditions, harvesting periods and processing of dried CHM samples (Zhang et al., 
2007). 
 
More recently, metabolite profiling has gained popularity using a number of 
techniques including nuclear magnetic resonance (NMR) (Chan et al., 2007). NMR is 
a property that magnetic nuclei have in a magnetic field and applied electromagnetic 
(EM) pulse or pulses, which cause the nuclei to absorb energy from the EM pulse and 
radiate this energy back out (http://en.wikipedia.org/wiki/Nuclear_ 
magnetic_resonance, 28/11/09). The energy radiated back out is at a specific 
resonance frequency which depends on the strength of the magnetic field and other 
factors. This allows the observation of specific quantum mechanical magnetic 
properties of an atomic nucleus (http://en.wikipedia.org/wiki/Nuclear_magnetic_ 
resonance, 28/11/09). The first reports (Kubeczka and Formácek, 1980; Schripsema 
and Verpoorte, 1991) on the use of NMR for fingerprinting of plant extracts were 
reported in the 1980s. To date, NMR spectroscopy is becoming a routine technique to 
study chemical structure, and NMR-based metabolic analysis is efficient to 
discriminate different species of plants. For instance, eleven Ilex species were 
differentiated based this technique (Choi et al., 1995). However, this technique is low 
sensitivity and time-consuming (Frank et al., 2009) compared with other analytical 
methods.  
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X-ray powder diffraction method is widely utilized in the study of phase and crystal 
structure of substance (Wang et al., 2005). Characteristic peaks and diffraction fuzzy 
figures obtained are sufficient to distinguish many CHM with similar shape, tissue 
texture or similar chemical composition. For instance, X-ray powder diffraction was 
used to analyze and evaluate 11 samples of Costustoot that were collected at various 
locations in China (Gong et al., 2008). This technique has the advantages of strong 
fingerprint character and nondestruction, which could be utilized as an identification 
method of all kinds of CHM (Wang et al., 2005).  
 
To obtain reliable results, combined chromatography e.g liquid chromatography (LC) 
with mass spectrometry (LC-MS) or GC with mass spectrometry (GC-MS) were 
employed to identify CHM, for instance for the analysis of essential oils in CHM 
(Guetens et al., 2002; Li et al., 2003). Since GC-MS, LC-MS could show greatly 
improved performances in terms of correction of retention time shift, selectivity, 
chromatographic separation abilities and measurement precision, indicating that these 
fingerprints approach coupled with chemometrics method offers a powerful tool for 
the identification of CHM (Fan et al., 2006). Therefore, these techniques possess a 
higher sensitivity than TLC, GC and HPLC, and may be used to produce 
chromatographic fingerprints of the essential oils and their relative quantitative 
composition (Velasco-Negueruela et al., 2003a; Velasco-Negueruela et al., 2003b). 
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1.6.3   DNA fingerprinting 
DNA fingerprinting is used to reveal differences in genomic DNA, which refers to 
simultaneous analysis of multiple loci in a genome to produce a unique pattern for 
identification (Yip et al., 2007). Current DNA fingerprinting techniques include PCR-
based techniques, DNA sequencing techniques and DNA microarray fingerprinting. 
This technique is superior to chemical analyses because genomic DNA is invariant in 
samples regardless of age, tissue type and environmental/processing factors. 
 
1.6.3.1   PCR-based methods 
PCR-based methods rely on the amplification of random, or specific DNA fragments 
based on small amounts of DNA extracted from CHM, these products are 
subsequently visualized on a gel. The major PCR-based techniques include random-
primed polymerase chain reaction (RP-PCR) (Cao et al., 1996; Cao et al., 1997), 
amplified fragment length polymorphism (AFLP) (Ha et al., 2002a), polymerase 
chain reaction-restriction fragment length polymorphism (PCR-RFLP) (Fernandez et 
al., 2002; Kaundun and Matsumoto, 2003; Yang et al., 2004), and sequence 
characterized amplified region (SCAR) (Wang et al., 2001; Yau et al., 2002). 
 
1.6.3.1.1    RP-PCR 
RP-PCR employs random primers to generate unique fingerprints (Figure 1.1). The 
primers may bind to the sites that are randomly distributed in the genomic DNA 
template. Polymorphism is identified by detecting the differences in sequences or 
Chapter 1     Review of Literature 
 
    18 
bands, and subsequently used to calculate genetic distances (Cao et al., 1996; Shaw 
and But, 1995; Yip et al., 2007) or to construct phylogenetic trees (Lau et al., 2001). 
 
Techniques based on this concept include arbitrarily-primed PCR (AP-PCR) (Welsh 
et al., 1990), random amplified polymorphic DNA (RAPD) (Williams et al., 1990) 
and DNA amplification fingerprinting (DAF) (Caetano-Anolles et al., 1991; Yip et 
al., 2007). DAF employs the shortest primers of between 5 to 8 nucleotides long with 
the lowest stringency while RAPD employs primers of 10 nucleotides long, AP-PCR 
employs the longest primers of approximately 20 nucleotides long with the highest 
reproducibility of all three methods. 
 
RAPD was employed to investigate the relationship and molecular identification of 
CHM. For instance, this technique successfully differentiated the four Panax ginseng 
obtained from China and those from Korea (Um et al., 2001, Table 1.1). Twelve 20-
mer random primers (SRILS Uniprimer™, SeouLin Bio. Co., Korea) were used to 
produce polymorphic sequences, five primers generated highly reproducible and 
polymorphic amplicons ranging in size from 100 to 2600 bp, with an average of 11.4 
fragments per primer. The polymorphic fragments generated from Chinese ginseng 
were different from those of Korean ginseng population, the coefficients of similarity 
varied from 0.197 to 0.491 (Um et al., 2001). Ten samples were randomly selected 
from each region in Korea and China to verify the reproducibility of the RAPD 
polymorphism. Although the author examined the reproducibility of randomly 
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selected samples, the banding inconsistency found in samples from the same species 
e.g. P. Ginseng alluded to the poor reproducibility of the RAPD technique. 
 
RAPD was used to discriminate three species of Atractylodes from Chinese 
formulation purchased from local markets (Chen et al., 2001) (Table 1.1). Only three 
of twenty tested primers (OPERON technologies kit F; OPF) successfully produced 
RAPD markers of Atractylodes plants, Atractylodes lancea DC, A. japonica Koidz 
and A. ovata DC. One conserved RAPD band about 450 bp was obtained for all 
species using primer 5’-CCGAATTCCC-3’. One 200 bp was obtained for A. japonica 
Koidz while two amplified bands, 200 bp and 400 bp were displayed on the gel using 
primer 5’-CCTGATCACC-3’. The amplified products of A. lancea DC were 200, 300 
and 400 bp, that of A. ovata DC were 150, 250 and 350 bp, the bands of PCR 
amplification of A. japonica Koidz were 100 and 150 bp while using 5’- 
TGCTGCATGGT-3’ as primers (Chen et al., 2001). The species were differentiated 
based on these bands. However, a potential weakness of this study is that the 
reproducibility of the RAPD amplification profiles was not assessed. 
 
Dangi et al. (2004) used RAPD markers to study the genetic diversity in Trigonella 
foenum-graecum and T. caerulea. Seventeen accessions of T. foenum-graecum and 
nine accessions of T. caerulea representing various countries were analyzed using 
RAPD markers (University of British Columbia, Canada, Table 1.1). Twenty-two of 
100 screened RAPD primers in T. foenum-graecum generated polymorphic patterns 
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revealing a polymorphism of 70.1%, eight unique bands generated from these primers 
were contributed by accessions from different countries. 40 primers were used for 
initial screening in T. caerulea, 10 primers generated a polymorphism of 95.8% 
(Dangi et al., 2004). 
 
In summary, the reproducibility of RP-PCR technique may be low due to the variation 
of the quality, quantity and purity of DNA templates (Caetano-Anolles et al., 1998; 
Damasco et al., 1996; Micheli et al., 1994; Perez et al., 1998; Williams et al., 1993), 
the amplification conditions (Bhattacharya and Ranade, 2001; Mehlenbacher et al., 
2004; Qian et al., 2001) and others (Schierwater and Ender, 1993; Sobral and 
Honeycutt, 1993). Therefore, this method may be inefficient for the identification of 
commercial CHM with unpurified or degraded DNA, or the construction of the 
phylogenetic relationship based on the banding patterns generated from different 
reaction conditions (Wang et al., 2001). Furthermore, there is the possibility that 
external contaminants induce erroneous banding patterns and distort genetic diversity 
estimates. Meanwhile, fragments with the same molecular weight in the fingerprints 
may not necessarily represent the same genetic sequences (Kostia et al., 1996). Thus, 
polymorphisms assessed on the basis of the presence and absence of specific bands 
generated from RP-PCR may lead to an inflation of genetic distance estimates. 
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1.6.3.1.2   Inter-simple sequence repeats (ISSR) 
ISSR (Zietkiewicz et al., 1994) amplifies a subset of the targeted inter-repeat regions 
e.g. (CA)n using primers containing simple repeat sequences to generate fingerprints 
(Souframanien and Gopalakrishna, 2004). ISSR markers have been employed to 
identify CHM, for example, eight wild populations of Dendrobium officinale were 
differentiated using 10 sets of primers (Shen et al., 2006). To select suitable primers 
for the study of populations of D. officinale, 10 of the 76 screened ISSR primers e.g. 
A(CA)8T and A(CA)8G producing clear and reproducible bands were selected for 
amplifying all DNA samples. 115 of a total of 127 amplified clear and reproducible 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.1  The process of RP-PCR (Red arrow: arbitary primers) (Yip et al., 2006) 
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Table 1.1   A summary of the studies on the authentication of medicinal plants using RAPD-based techniques. 
Species name Plant part(s) Voucher 
Specimens 
Similarity and coeffeciency 
  
Atractylodes lancea DC,  
A. japonica Koidz and A. ovata 
DC (Chen et al., 2001) 
N.S. N.S. 
 
Similarity or coeffeciency has not been described. The amplicons varied in lengths and 
were subsequently used for identifying different species. 
Panax ginseng 
(Um et al., 2001) 
Dried roots N.S. The similarity coefficients among the DNA of ginseng plants analyzed were low, ranging 
from 0.197 to 0.491. 
Echinacea angustifolia, 
E. artorubens, E. pallida. 
(Kapteyn and Simon, 2002) 
 
Young leaves 
 
       N.S. 
17 diagnostic markers were identified and suitable for the discrimination of the three 
commercially relevant species plus E. atrorubens. E. pallida and E. angustifolia had the 
highest variation of 82.6% and 78.2%. 
Pinellia ternata 
(Chung et al., 2002) 
Dried roots        N.S. Twelve primers generated similar RAPD amplification patterns corresponding to an 
average of 11.7 fragments per primer. 
Trigonella foenum-graecum and 
T. caerulea (Dangi et al., 2004) 
Fresh leaf 
tissues 
Yes 
 
The similarity index (SI) values ranged from 0.71 to 0.91, T. foenum-graecum genotypes 
formed 2 main clusters. 
Hippophae rhamnoides ssp. 
Sinensis (Sun et al., 2006) 
Dried leaves Yes Fifteen primers amplified 107 reproducible bands, with 95 (88.79%) being polymorphic. 
The gene diversity within population was 0.168. 
Note: N.S.: Not specified.
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The genetic relationships among 70 accessions of Houttuynia spp., which were 
obtained from Sichuan, Chongqing, Guizhou and Jiangsu provinces in China, 
including two accessions of H. emeiensis Z.Y. Zhu et S.L. Zhang. (EM) and 68 
accessions of H. cordata Thunb (15 H. cordata cultivated accessions and 53 wild 
accessions), were tested using ISSR markers (Wu et al., 2005). The results showed 
that the DNA polymorphism of Houttuynia germplasm was high. Twenty-two ISSR 
primers amplified a total of 352 scorable fragments, with an average of 16 fragments 
per primer, and where 92.3% fragments were subsequently found to be polymorphic. 
The strengths of ISSR lies in its high reproducibility and no requirement for DNA 
sequence information. With the use of longer primer length, ISSR markers were 
considered to be more efficient than RAPD markers for uncovering polymorphisms 
(Wu et al., 2005) and more reproducible (Bornet and Branchard, 2001). However, the 
banding patterns may be affected by annealing temperature and magnesium 
concentration (Shen et al., 2006). 
 
1.6.3.1.3   Amplified fragment length polymorphism (AFLP) 
Vos et al. (1995) developed the fingerprinting technique subsequently known as 
AFLP. This technique detects polymorphisms based on the rearrangements e.g. 
insertions and deletions at restriction sites or at the 3' end of the primer binding site 
(Vos et al., 1995; Vos et al., 1997). Briefly, genomic DNA with restriction sites was  
digested with two appropriate restriction enzymes (Figure 1.2), restricted fragments 
representing many loci are selected and subsequently ligated to the double-stranded 
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restriction enzyme-specific adapters, a selective amplification of restriction fragments 
was performed using primers containing the adapter sequences and selective bases at 
the 3' terminals, the amplified fragments displayed on the gel were subsequently 
analyzed (Figure 1.2) for studying genetic diversity of plant species. 
 
AFLP was used to identify Panax ginseng C.A. Meyer and P. quinquefolius L. (Ha et 
al., 2002a; Table 1.2). Ten AFLP primers in various combinations were screened for 
detecting polymorphism between these two Panax species (Ha et al., 2002a). AFLP 
profiles characteristic to P. ginseng and P. quinquefolius were generated using 
primers E-AGG/M-CAA. The numbers of AFLP bands generated from the P. ginseng 
samples ranged from 66 to 77, whereas those of P. quinquefolius ranged from 57 to 
63 (Ha et al., 2002a). Many of the AFLP bands were shared by the two ginsengs. 
 
In summary, this technique combines the advantages of the reproducibility of RFLP 
and the speed of PCR, and detects more polymorphisms than in previous studies using 
RFLP, RAPD, ISSR and microsatellites (Ferdinandez and Coulman, 2002; McGregor 
et al., 2002; Sarwat et al., 2008). Therefore, the AFLP is efficient in revealing 
polymorphisms even between closely related individuals (Desmarais et al., 1998). 
Additionally, this technique has another advantage that no requirement of prior 
sequence information for the PCR amplification. However, AFLP is a comparably 
time-consuming and expensive technique due to the use of restriction enzymes, ligase 
and PCR amplifications. Furthermore, reaction conditions must be strictly regulated
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Figure 1.2  The process of AFLP technique. Genomic DNA with restriction sites (1) is 
digested with appropriate restriction enzymes and subsequently ligated to the fragment end of 
the double-stranded enzymes specific adapters (2). Two PCR amplifications (3) were 
performed to generate the polymorphic bands (Vuylsteke et al., 2007).  
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Table 1.2   A summary of the AFLP-based studies used to authenticate herbal plants. 
Species name Plant part(s) Voucher 
specimens 
Polymorphism 
Actaea racemosa, A. cordifolia,  
A. podocarpa, A. Pachypoda, 
Pulsatilla vulgaris Mill.  
(Zerega et al., 2002) 
 
Fresh leaves 
dried in silica 
gel 
d in silica gel 
 
 Yes 
 
 
Four AFLP primers produced four monomorphic bands for the species 
Actaea cordifolia, A. pachypoda, A. podocarpa, and A. racemosa. 
 
Panax ginseng and P. quinquefolius 
(Ha et al., 2002a) 
 
Dried or fresh 
roots 
 
Yes 
 
Primer E-AGG/M-CAA produced numbers of AFLP bands from 57 to 77 in 
P. ginseng and P. quinquefolius samples. 
 
 
Panax notoginseng (Burk.) F. H. Chen 
(Hong et al., 2005) 
 
Fresh roots 
 
 
N.S. 
Two sets of primer combinations generated 159 discrete polymorphic bands. 
All P. notoginseng samples were genetically distinct from the sample of P. 
quinquefolius. 
 
Cannabis sativa L. 
(Datwyler et al., 2006) 
Fresh, dried 
leaves, 
inflorescences 
 
N.S. 
10 primer pairs produced 52 bands singletons. 27.2% of the genetic variation 
is attributable to differences between marijuana and hemp lines. 
 
Hypericum perforatum L. (Mayo and 
Langridge, 2006) 
Fresh shoot 
tips 
 
Yes Analysis of Cassilis and Scott Creek parent DNA with 19 primer 
combinations produced 16% polymorphic markers. 
 
Hypericum, H. perforatum L 
(Percifield et al., 2007) 
 
Fresh leaves 
 
Yes 
Four primer combinations produced 298 polymorphic markers, 17 of them 
were presenting in all H. perforatum accessions and 2 were specific only for 
H. perforatum. 
 
Chapter 1     Review of Literature 
 
 27 
because imperfect ligation or incomplete restriction of DNA may lead to artifactual 
polymorphisms (Desmarais et al., 1998).  
 
1.6.3.1.4   Sequence characterized amplified regions (SCAR) 
The SCAR (Paran and Michelmore, 1993) technique employs primers designed from 
the selected polymorphic sequences generated from ISSR (Albani et al., 2004, Qin et 
al., 2006) or random-primed PCR method e.g. RAPD (Paran and Michelmore, 1993; 
Lee et al. 2006). The designed primers are subsequently used to amplify the species-
specific polymorphic bands in closely-related species (Figure 1.3). SCAR markers 
have been used, e.g. to discriminate (Lee et al., 2006) Artemisia princeps and A. argyi 
from other Artemisia herbs. Eleven of 31 UBC (University of British Columbia, 
Canada) primers produced polymorphisms among the Artemisia herbs. In particular, 
one primer (5’-GCG AAC CTC C-3’), amplified 838 bp products that were specific 
for A. princeps and A. argyi only. Based on the sequence of this amplified products 
,one primer-set (5’-CAT CAA CCA TGG CTT ATC CT-3’ and 5’-GCG AAC CTC 
CCC ATT CCA-3’) was used to amplify a 254 bp sized SCAR marker, from which A. 
princeps and A. argyi may be efficiently discriminated from other Artemisia herbs. 
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Figure 1.3   The SCAR process. 
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Compared with RAPD, SCAR is more reliable and stringent because it employs 
higher annealing temperature and longer primers of 20 to 25 oligonucleotide base 
pairs (Paran and Michelmore, 1993). However, since PCR inhibitory effects of 
ingredients in Chinese medicine can lead to false negative results, spiking control 
DNA amplifiable by the same primers to the sample DNA should be performed to 
ensure that the quality of sample DNA is suitable for PCR (Yip et al., 2007). 
 
1.6.3.1.5   PCR-restriction fragment length polymorphism (PCR-RFLP) 
PCR-RFLP employs appropriate restriction enzymes to digest the amplicons of 
particular selected DNA fragments to generate a unique restricted polymorphic profile 
for species, which is subsequently used to identify CHM samples. For instance, Um et 
al. (2001) identified Panax ginseng using primers (F: 5’ CAA CCT GGT TGA TCC 
TGC CAG T 3’ and 18S R: 5’ CTG ATC CTT CTG CAG GTT CAC CTA C 3’) that 
were designed based on 18S rRNA Gene (Table 1.3). The amplicons were 
subsequently digested using the restriction enzymes BanII and DdeI. Sites of these 
restriction enzymes for the PCR-RFLP analysis were sought on the basis of each 
sequence of the 18S rRNA gene from the three Korean ginsengs. The PCR products 
of Kang-hwa ginseng showed distinctive fragments from those of Jin-an and Keum-
san ginseng plants according to the electropherograms. Consequently, three bands less 
than 500 bp generated using the restriction enzymes were found to be specific for 
Kang-hwa ginseng. Also, this technique successfully identified Atractylodes sp. 
(Mizukami et al., 2000) and Fritillaria pallidiflora (Wang et al., 2005, Table 1.3),  
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Table 1.3   A summary of the RFLP-based studies used to authenticate herbal plants (All specimens were vouchered). 
Species name Plant part(s) Gene Results 
Panax ginseng 
(Um et al., 2001) 
Dried roots 
 
18S rRNA 
 
By using PCR-RFLP analysis, One and two bands less than 500 bp 
generated using BanII and DdeI respectively were found specific 
for Kang-hwa ginseng. 
Pinellia ternata 
(Chung et al., 2002) 
Dried roots 
 
18S rRNA 
 
Digested using the enzymes BanII and DdeI, three distinctive fragments 
were generated from Korean and Chinese Pinellia ternata respectively. 
Fritillaria cirrhosa D. Don, F. przewalskii 
Maxim. ex Batal, F. unibracteata Hsiao et 
K. C. Hsia.,  F. delavayi Franch., F. 
walujewii Regel, F. pallidiflora schrenk, F. 
ussuriensis Maxim., F. hupehensis Hsiao et 
K. C. Xia, F. puqiensis G. D.Yu et G. Y. 
Chen, F. thunbergii var chekiangensis 
Hsiao et K. C. Hsia, F. thunbergii Miq. 
(Wang et al., 2005) 
 
Dried bulbs or 
leaves 
 
ITS1 
 
 
The sequences from the four species of BF cirrhosae had the restriction 
site (CCC^GGG) of endonucleases SmaI. 
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Epidedium sp. (Nakai, et al., 1996), and discriminated Codonopsis spp. from their 
adulterants (Fu et al., 1999). 
 
PCR-RFLP requires sequence information of the species-specific region for primer 
design and is therefore not suitable for the authentication of CHM species without 
sufficient genomic information. Furthermore, this technique may be affected by the 
lack of DNA restriction polymorphism in certain species (Hon et al., 2003). For 
instance, Um et al. (2001) found it difficult to authenticate Korean, from Chinese 
ginseng plants using this technique. Additionally, the presence of enzyme inhibitors 
and the loss of restriction sites associated with degraded DNA for dried commercial 
CHM samples may lead to an incomplete digestion, and may subsequently affect the 
analysis of their polymorphism/diversity (Lockley and Bardsley, 2000). Therefore, 
this technique may not be suitable for fingerprinting dried herbal samples of close-
related.  
 
1.6.3.1.6   Simple sequence repeats (SSR)  
SSR are highly polymorphic, abundant sequences existing in most of eukaryotic 
genomes (Weber and May, 1989), and can be amplified using primers designed from 
these regions (Grist et al., 1993). The changes in repeat numbers at SSR loci are much 
more frequent than the base mutation rate (O'Hanlon et al., 2000; Rakoczy-
Trojanowska and Bolibok, 2004; Schlıtterer, 2000) due to slippage (Freimer and 
Slatkin, 1996; Li et al., 2002) and recombination (Jakupciak and Wells, 2000; Richard 
and Paques, 2000). SSR markers are classed as simple sequence length polymorphism 
(SSLP) and sequence-tagged microsatellite site (STAM) with variable lengths of short 
tandem repeats (Armour et al., 1999; Subramanian et al., 2003; Temnykh et al., 2001; 
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Van Belkum et al., 1998). These SSR markers may be designed quickly by searching 
GenBank or screening genomic libraries, or constructing and screening the genomic 
(or other) library with probes complementary to microsatellite sequences. 
 
SSR has been used to authenticate CHM e.g. P. quinquefolius and P. ginseng (Qin et 
al., 2005).  In that study, two microsatellite polymorphic loci (CT 12 and CA 33) 
exhibited 4 to 8 alleles per locus, providing sufficient information for identifying the 
American and Oriental ginseng. Allele sizing of the amplified PCR products could be 
identified as peaks on the electropherograms of the ginseng samples. P. quinquefolius 
had a different allele pattern on the electropherograms compared with that of the P. 
ginseng at these two microsatellite loci (Qin et al., 2005). For instance, the results 
showed a different allele pattern between the P. quinquefolius (92 and 132 bp) and P. 
ginseng (108 and 112 bp) at loci CT 12. Furthermore, SSR successfully identified 
cultivated from wild American ginseng based on the basis of allele size. This 
technique was highly reproducible with only less than 1.0% deviation for the allele 
sizes obtained. 
 
The SSR-based markers have high levels of allelic variation and are co-dominant, 
which means the SSR may deliver more information per unit assay than any other 
marker system. For instance, Röder et al. (1995) investigated the variability of 15 
microsatellite markers on 18 Triticum aestivum accessions. More variation was 
detected using microsatellite markers than RFLP markers, on average, 4.6 different 
alleles were detected per microsatellite. Furthermore, a few developed SSR markers 
were also involved in the construction of enriched genomic libraries without 
requirement of sequences information (Kolliker et al., 2001; Viruel and Hormaza, 
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2004; Xu et al., 2006a), which indicated that this technique may be suitable for 
identifying the species which has not enough sequence information in the databases. 
 
Due to its sensitivity, PCR-based methods have advantage of requirement of a small 
quantity of DNA. All the techniques discussed above are efficient for identifying the 
CHM at the species level. However, some techniques e.g. PCR-RFLP requires prior 
sequence information for primer design, while this is unnecessary for the others. Also, 
the polymorphisms and reproducibility between these techniques are different. 
Therefore, choosing an appropriate method from these, which is crucial for obtaining 
good result, should be based on the purpose of study, and specific requirements of 
prior sequence knowledge, DNA quality and running cost. 
 
1.6.3.2   Sequencing-based methods 
DNA sequencing-based methods have been employed to investigate the phylogenetic 
relationship or to identify the adulterants of CHM by assaying DNA polymorphisms 
that were generated from point mutations, insertions or deletions in genomic DNA. 
CHM species could be identified by comparing the variations of DNA sequence in a 
defined genomic region between related samples (Hillis et al., 1990). The majority of 
DNA sequence-based markers used in previous fingerprinting of CHM were based on 
sequences of the trnK, 5S rDNA, cytochrome b, chlB gene and internal transcribed 
spacer (ITS) in ribosomal DNA (rDNA). These techniques are briefly discussed in the 
following sections. 
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1.6.3.2.1   Internal transcribed spacer ribosomal DNA (ITS rDNA) and 5S-rDNA 
spacer domain 
A typical plant ribosomal DNA transcription unit contains the ITS1 spacer, 5.8S 
rDNA gene and ITS2 spacer while the two internal transcribed spacers, the ITS1 and 
ITS2 are located between (Figure 1.4). Since ribosomal gene sequences are highly 
conserved between species, any variations in the intergenic transcribed sequences may 
be very useful for the phylogenetic studies (Hamby and Zimmer, 1992). Therefore, 
primers designed from rDNA genes e.g. 18S, 5.8S and 28S were used to amplify the 
entire ITS spacer region in the previous diversity studies. 
 
 
 
 
 
 
 
Figure 1.4  Structure of the nuclear rDNA internal transcribed spacer region. The three rDNA 
subunits: 18S, 5.8S and 28S are separated by internal transcribed spacers (ITS1 and ITS2). 
(Zhang et al., 2007) 
 
 
ITS rDNA markers have been widely used for several decades to authenticate CHM 
(Table 1.4). For instance, Zhao et al. (2003a) identified the medicinal species of 
Adenophora stricta Miq., A. tetraphylla (Thunb.) Fisch and two adulterants, A. 
hunanensis and Glihnia littoralis, by comparing the amplified products of the 5S 
rDNA spacer domains. The 5S-rDNA spacer domains in the four species were 
different (Table 1.4), the three Adenophora species were found comparatively 
conserved in this region, but G. littoralis was distinct from Adenophora based on a 
18S 
 ITS1 5.8S 28S ITS2 
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lowest homology of 34%. A. stricta was differentiated from A. tetraphylla and A. 
hunanensis only because their 5S-rDNA spacer domains shared 60% homology. Also, 
Dong et al. (2003, Table 1.4) investigated the phylogenetic relationships of 10 
Astragalus species in China based on the DNA sequences of the 5S rRNA spacer, ITS 
and 18S rRNA coding region. A. membranaceus shared the highest homology of 
97.4% in the 5S rRNA spacer with A. membranaceus var. mongholicus, but shared a 
lower homology of 71.4% in the same region with A. propinquus. Furthermore, the 
author found the ITS sequences and 18S rRNA of Astragalus species were more 
conserved than 5S rRNA spacer (Table 1.4), indicating that the 5S rRNA spacer 
possessed more sequence variations than either the ITS or 18S coding sequences in 
that study (Dong et al., 2003). That may be the main reason that the rDNA sequences 
have been widely used in CHM studies e.g. biogeographic investigation of Panax 
species (Wenzl and Zimmer, 1996), differentiation of Cordyceps species (Chen et al., 
2002b), or Dendrobium species (Xu et al., 2006b), and discrimination of Radix 
Adenophorae and its adulterants (Zhao et al., 2003a). 
 
Although ITS rDNA has been widely used in previous studies of CHM, most of these 
studies had potential weaknesses e.g. the reliance of fresh or no specified 
experimental materials, or provided no specified information of voucher specimens. 
 
1.6.3.2.2   trnK, 12S, cytochrome b and chlB genes 
The trnK, 12S rDNA and cytochrome b genes have been employed to investigate 
phylogenetic relationship or to identify CHM in previous studies. For instance, Sasaki 
et al. (2002) designed three pairs of primers to amplify three regions that covering the 
trnK gene in order to authenticate 11 Curcuma species (Table 1.4). Based on the 
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combination of 18S rRNA gene and trnK gene markers, six distinct nucleotide 
sequences of 2,688 to 2,705 bp were found observed in all Curcuma species. A single 
deletion was detected at the polythymine region between the nucleotide positions 501 
to 514 of the trnK gene. Therefore, 11 Curcuma species distributed in China and 
Japan were clustered into seven typical groups, and twenty-five different chemotypes 
in these species were identified based on the sequence comparison of the trnK and 
18S rRNA genes. 
 
Guo et al. (2006) differentiated ten herbarium specimens and 22 crude drug 
specimens of Ephedra sinica, E. intermedia, E. equisetina and E. przewalskii based 
on the PCR products of the chloroplast chlB gene (Table 1.4). In that study, the chlB 
sequence of E. altissima was used to design a PCR primer set. The amplified products 
of some samples containing the whole open reading frames (ORF) of the chlB gene 
were used to identify different specimens. However, certain isolated DNA samples 
were highly degraded which resulted in no PCR amplification. In such cases, the chlB 
gene was divided into four fragments of about 500 bp, where each of these was 
amplified using the internal primer sets and subsequently sequenced (Guo et al., 
2006). Consequently, E. sinica and E. equisetina were identified, whereas E. 
intermedia and E. przewalskii were not discriminated because the nucleotide 
sequences of their chlB gene were identical.  
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Table 1.4   A summary of the sequencing-based studies used on the studies of herbal plants. 
Species name Plant part(s) Voucher 
specimens 
Gene Gene’s 
location 
Results and polymorphism 
 
Panax quinquefolius and P. ginseng 
(Mihalov et al., 2000) 
 
Commercial samples 
whole root, powder, 
capsule, or tablet. 
 
 
 
N.S. 
 
 
ITS, rbcL 
 
 
Nuclear, 
Chloroplast 
The chloroplast rbcL gene provided less 
informative than the ITS locus. Twenty 
samples were identified based on four 
nucleotide base differences located at 
positions 118, 237, 416, and 425 of the 
published ITS region. 
 
Dendrobrium aduncum,  
D. candidum, D. nobile,  
D. cantonensis, D. chrysanthum,  
D. densiflorum, D. chrysotoxum,  
D. crepidatum, D. williamsonii et al 
(16 species) (Lau et al., 2001) 
 
 
Fresh stem 
 
 
Yes 
 
 
ITS 
 
 
Nuclear 
DNA sequences of the ITS 2 of Dendrobrium 
species had significant difference with each 
other with an average of 12.4%. An average 
difference of 18.8% was found with 
Pholidota (an adulterant of Shihu).  
 
Curcuma longa, C. phaeocaulis,  
C. zedoaria, C. kwangsiensis,  
C. wenyujin, C. aromatica,  
C. sichuanensis, C. chuanezhu,  
C. chuanyujin, C. chuanhuangjiang, 
and C. yunnanensis. (Sasaki et al., 
2002) 
 
 
 
Drug powders and 
dried leaves 
 
 
Yes 
 
 
18S rRNA 
and trnK 
 
 
Chloroplast 
 
All species had polymorphic fragments 
ranging in size from 185 to 730 bp. 
 
Adenophoria stricta, A. tetraphylla, 
and adulterants A. hunanesis, Glihnia 
littoralis. (Zhao et al., 2003a) 
 
Fresh leaves and roots 
and crude drugs (roots) 
 
 
Yes 
5S gene 
spacer 
domains 
(~250 bp) 
 
 
Nuclear 
The respective lengths of the 5S-rRNA spacer 
domains in different species are: A. stricta 
236 bp, A. tetraphylla 257 bp, A. hunanensis 
256 bp and G. littoralis 222 bp.  
 
Continued on the next page 
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Table 1.4   A summary of the sequencing-based studies used on the studies of herbal plants (Continued from p37). 
Species name Plant part(s) Voucher 
specimens 
Gene Gene’s 
location 
Results and polymorphism 
Angelica sinensis from China, A. 
acutiloba from Japan, and A. gigas 
from Korea. A. dahurica (Fisch. ex 
Hoffm.) Benth et Hook (Baizhi), A. 
pubescens Maxim. (Duhuo), and 
Ligusticum chuanxiong Hort.  
from China. (Zhao et al., 2003b) 
 
 
Fresh and dried plants 
 
 
Yes 
 
 
5S-rRNA 
spacer 
domain 
 
 
Nuclear 
The sequence homologies of 72.9% and 
73.6% were found in the 5S-rRNA spacer 
domains between A. sinensis and A. acutiloba, 
A. sinensis and A. gigas respectively. In 
contrast, this between A. acutiloba and A. 
gigas had a 93.6% homology. 
Astragalus membranaceus,  
A. membranaceus var. mongholicus, 
A. propinquus, A. lepsensis,  
A. aksuensis, A, hoantchy,  
A. hoantchy subsp. dshimensis,  
A. lehmannianus, A. sieversianus, 
and A. austrosibiricus.  
(Dong et al., 2003) 
 
 
Fresh leaves 
 
 
Yes 
 
 
5S gene 
spacer, 
ITS; 
18S RNA 
 
 
Nuclear 
The sequence homologies of the 5S ITS 
rRNA were 97.43 and 84.38% respectively, 
between A. membranaceus and  
A. membranaceus var. mongholicus,  
A. membranaceus and A. propinquus 
respectively, while a lower rate of 71.37% 
was detected between that of  
A. membranaceus and A. autrosibiricus. 
Epimedium brevicornu, 
E. koreanum, E. pubescens, 
E. sagittatum and E. wushanense. 
(Sun et al., 2004) 
 
 
N.S. 
 
 
Yes 
 
 
5S gene 
spacer 
 
 
Nuclear 
A position-specific nucleotide was found in 
the 5S rRNA gene spacer for E. pubescens, E. 
wushanense and E. brevicornu. A 19-bp 
deletion was found for the most divergent 
species, E. koreanum in the 5S rRNA spacer. 
Curcuma longa L., C. phaeocaulis 
VAL., C. zedoaria (CHRISTM.) 
ROSC., C. kwangsiensis S. G. LEE 
et C. F. LIANG, C. wenyujin Y. H. 
CHEN et C. LING, C. aromatica 
SALISB. (Cao et al., 2003) 
 
 
Fresh rhizomes, tubers, 
or leaves 
 
 
Yes 
 
 
18S rRNA 
and trnK 
 
 
Chloroplast 
 
Sequences of C. kwangsiensis and C. 
zedoaria had one base substitution compared 
with the common sequence of C. longa, C. 
phaeocaulis, C. wenyujin and C. aromatica. 
 
Continued on the next page 
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Table 1.4   A summary of the sequencing-based studies used on the studies of herbal plants (Continued from p38). 
Species name Plant part(s) Voucher 
specimens 
Gene Gene’s 
location 
Results and polymorphism 
 
Ephedra sinica, E. intermedia, E. 
equisetina and E. Przewalskii. (Guo 
et al., 2006) 
 
 
 
Dried, crude drug 
 
 
Yes 
 
18S rRNA 
Gene and 
trnK Gene 
 
 
Chloroplast 
E. sinica and E. equisetina were identified 
based on the chlB sequence while the 
nucleotide sequence of the chlB gene of E. 
intermedia was identical with that of E. 
przewalskii. 
Bupleurum aureum, B. chinense, 
B. commelynoideium var. 
flaviflorum, B. krylovianum,  
B. longiradiatum, B. marginatum 
var. stenophyllum, B. scorzonerri-
folium, B. sibirium, B. smithii,  
B. tianschanicum and  
B. yinchouwense, (Yang et al., 2007) 
 
 
Fresh, crude drugs 
 
 
N.S. 
 
 
ITS (~600 
bp) 
 
 
Nuclear 
 
The overall of ITS divergence was 
approximately 14% within Bupleurum. 
Cnidium officinale and Ligusticum 
chuanxiong. (Zhu et al., 2007) 
Dried leaves and Crude 
drug 
 
Yes 
 
trnK 
 
Chloroplast 
Three sites of nucleotide differences were 
found at positions 767, 924 and 964 from 
upstream in trnK gene sequence. 
 
Pueraria lobata, P. montana 
and P. thomsonii. 
(Sun et al., 2007) 
 
 
N.S. 
 
 
Yes 
 
 
ITS; 5S 
gene spacer 
 
 
Nuclear 
The homologies of the ITS sequences were 
81-99% in P. lobata, 80-99% in P. thomsonii, 
and 99% in P. montana. The homologies of 
the 5S sequences were 94-99% in P. lobata, 
98-100% in P. thomsonii, and 97% in P. 
Montana. 
Rehmannia chingii, R. elata, R. 
aglutinosa, R. henryi, R. piosezkii 
and R. solanifolia. (Albach et al., 
2007) 
 
Dried leaves 
 
Yes 
 
ITS, trnL-
trn-F, 
rps16 
 
Nuclear, 
Chloroplast 
 
The bootstrap value among six species varied 
from 82% to 98%. 
 
Note: N.S.  = Not specified. 
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In summary, DNA-sequencing based techniques are suitable for investigating the 
relationships of individual species and identifying the adulterants of CHM at the 
species level. However, the requirement of sequence information for primer design is 
a major limitation, indicating that these techniques may not be suitable for the 
fingerprinting of species with poor genomic information. Furthermore, another 
potential weakness of these techniques is that they are time-consuming as they usually 
employed multi-sequencing or multi-PCR. 
 
1.6.3.3   DNA Array-based techniques 
Microarrays were first designed for gene expression studies (Schena et al., 1995), but 
Jaccoud et al. (2001) and Xia et al. (2005) adapted this technology for genotyping and 
diversity studies (Jayasinghe et al., 2007). This technique is superior to PCR- and 
sequencing-based methods because it enables thousands of DNA probes (or targets) to 
hybridize with labeled targets (or probes) arrayed on the solid surface. The fluorescent 
signals that reflect the specific matching between targets and probes were detected by 
scanning. Polymorphism was characterized by comparing the variations of signals on 
different hybridizations, and was subsequently used to analyse phylogenetic 
relationship of species. Also, since PCR amplification may result in contamination 
artifacts, a potential advantage of sequence-independent microarrays is that these 
technique use a large quantity of DNA for target preparation, therefore it does not 
require PCR amplification with a high number of amplification cycles in DNA- and 
sequencing-based techniques. Current array-based techniques include the following 
sub-classes, Oligonucleotide microarrays e.g. Panax (PNX) microarray (Zhu et al., 
2008), gene-based probe microarray e.g. ITS-based probe microarray (Zhang et al., 
2003), Diversity Array Technology (DArT™) e.g. for whole-genome profiling of 
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barley (Wenzl et al., 2004), and subtractive suppression hybridization (SSH)-based 
microarray e.g. a subtracted gDNA library for profiling genomic DNA 
polymorphisms of four Dendrobium species (Li et al., 2006). 
 
1.6.3.3.1   Gene-base probe microarrays 
This microarray is a sequence-dependent technique, and requires species-specific 
sequences, e.g. ITS rDNA, for the primer design. Compared with oligonucleotide 
microarrays, this technique requires only one sequencing for primer design. The 
amplified products of the species-specific sequences are used as probes, and the 
amplified products of the same sequences in each of the species which require 
fingerprinting are used to prepare targets. For instance, Zhang et al. (2003) 
successfully detected the presence of Dendrobium nobile in a Chinese medicinal 
formulation which contained nine herbal components (Table 1.7), using a gene-based 
probe microarray fingerprinting. The amplified products of the ITS1-5.8S-ITS2 
sequences of 16 Dendrobium species were spotted as probes on glass slides. The 
amplified products of the ITS2 sequences of the medicinal samples were labeled as 
targets, and subsequently hybridized to the probes. This microarray was able to detect 
the presence of D. nobile in this formulation based on the differences in the signals of 
features generated in the fingerprinting. 
 
1.6.3.3.2   Oligonucleotide microarrays 
An oligonucleotide microarray consists of grids of microscopic spots called features. 
Each feature/probe contains a specific DNA sequence that ranging in length from 25-
60 nucleotides (http://gi.cebitec.uni-bielefeld.de/comet/chiplayout/index.html, 
04/2009). The probes are hybridized to a fluorescent-labeled target under high-
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stringency conditions. The hybridization is usually quantified by fluorescence-based 
detection to determine relative abundance of nucleic acid sequences in the target 
(http://en.wikipedia.org/wiki/DNA_microarray, 02/2009).  
 
Carles et al. (2001) designed a silicon-based microarray to fingerprint toxic traditional 
Chinese medicine (Table 1.7). Genomic DNA was extracted from fresh leaves of 
Allocasia nacrorrhiza, Datura innoxia, Datura metel, Datura tatula, Pinellia cordata, 
Pinellia ternata, Pinellia pedatisecta, and Typhonium giganteum. The spacer region 
of the 5S-rRNA gene was amplified by PCR and subsequently sequenced. 
Oligonucleotides corresponded to each specific sequence were used to design 
oligonucleotide probes, and were spotted on to silicon-based chips. DNA 
corresponding to the 5S-rRNA gene of the toxic TCM plants was amplified by 
asymmetric PCR and hybridized to the microarrays. D. innoxia, D. metel and T. 
giganteum were discriminated based on the difference on the hybridization patterns. 
A Panax (PNX) microarray (Zhu et al., 2008) was developed using 33 probes to 
identify various Panax plants and drugs (Table 1.7). Thirty-five specific 
oligonucleotides including 33 probes corresponding to the species-specific nucleotide 
substitutions and 2 probes as positive and negative controls, were designed and 
synthesized, and subsequently spotted on a glass slide (Zhu et al., 2008).  Partial 18S 
rRNA gene sequences were amplified from various Panax plants and drugs, and 
subsequently fluorescently labeled by Cy5 as targets to hybridize the PNX array. 
Based on the species-specific nucleotide substitutions observed at 11 sites (191, 233, 
282, 497, 499, 501, 683, 712, 714, 725, and 729 from upstream) in the 18S rRNA 
gene sequence, P. ginseng, P. japonicus (Japan) P. quinquefolius, P. notoginseng, P. 
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japonicus, P. japonicus var. angustifolius, P. pseudoginseng and P. stipuleanatus 
were identified. 
 
In summary, both oligonucleotide and gene-based microarrays were sufficient for 
fingerprinting the dried CHM at species level. However, the major disadvantage of 
these techniques is the requirement of prior sequences information for primer or oligo 
design, indicating the microarrays may be inappropriate for fingerprinting CHM 
without sufficient genomic information. Therefore, sequence-independent microarrays 
which may be constructed by reduced genome representation (diversity arrays, 
DArT™), or from SSH libraries (Jayasinghe et al., 2007; Li et al., 2006), may provide 
a better solution for such species. 
 
1.6.3.3.3   Diversity Arrays Technology (DArT™) 
A new sequence-independent microarray, DArT™ was invented by Dr Andrzej 
Kilian. This technique generated whole-genome fingerprints by scoring the presence 
versus absence of DNA fragments in genomic representations generated from samples 
of genomic DNA (Akbari et al., 2006). This hybridization-based genotyping 
technology was originally developed for rice (Jaccoud et al., 2001), and has been 
widely used in polyploid species such as wheat (Wenzl et al., 2006; Wenzl et al., 
2007) and sugarcane (Heller-Uszynska et al., 2006). However, to date, DArT™ has 
never been used to fingerprint CHM. However, considering that this technique 
employs similar steps, e.g. using two restriction enzymes to digest the genomic DNA 
pool (Figure 1.5) to produce polymorphic sequences, it is introduced in the following 
sections, and will be compared with the SDA in the following Chapters. 
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DArT™ assayed for the presence of a specific DNA fragment in a representation 
derived from the total genomic DNA of an organism or a population of organism 
(Jaccoud et al., 2001). An important step of this technique was the preparation of the 
diversity panels, which included steps e.g. digestion of genomic DNA using 
restriction enzymes, ligation of restricted fragments to adapters and a subsequent 
amplification. Restriction endonucleases were used to produce representations with 
complexity reduced by 100 to 1000-fold compared with the total genomic DNA. The 
fragments were subsequently amplified, the PCR products were labeled with 
fluorescence as targets in the hybridization. Also, to create a library, a mixture of 
genomic “representations” from a pool of individual samples covering the genetic 
diversity of the species was amplified. These fragments were cloned into a vector 
which was introduced into E. coli to form a library, and the selected clones from the 
library were arranged in the slide to form a microarray 
Figure 1.5   Process of DArT 
(http://www.diversityarrays.com/molecularprincip.html, 29/11/2009) 
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(http://www.diversityarrays.com/molecularprincip.html, 02/2009). Fingerprints for 
each genotype were subsequently generated by the hybridization pattern produced 
between the targets and the probes printed on the microarray. Therefore, DArT™ 
allowed the genetic fingerprinting of any organism or a group of organisms belonging 
to the genome pool from which the panel was developed (Xie et al., 2006). 
 
Due to its sequence-independent and high-throughput nature, DArT™ has been 
adapted for use in a diversity of study types (Wenzl et al., 2004; Wittenberg et al., 
2005). For instance, James et al. (2008) designed a DArT™ to study the evolution of 
non-model organisms (Table 1.7). This technique did not rely upon direct sequencing 
of previously-identified variable loci, which is a major limitation that restricted the 
detection of genetic variation in non-model plants in previous studies (Bussell et al., 
2005; James et al., 2008). Furthermore, Mace et al. (2008) developed a DArT™ that 
contained 5367 clones for diversity analyses of Sorghum bicolor (Table 1.7). This 
technique could be used in wide variety of plant fingerprinting studies, as it 
overcomes a number of the limitations of previous AFLP and SSRs techniques, e.g. 
high cost of the marker technologies and whole genome scans (Mace et al., 2008).  
 
Compared with the sequence-dependent microarrays, DArT™ may be labour 
intensive due to the following reasons. Firstly, this technique usually compares 
different restriction enzyme sets initially to select an appropriate one for further study 
(Table 1.5). Secondly, the ligation and selective amplification of each target (Table 
1.5) increases the difficulty of fingerprinting a large number of samples. Furthermore, 
a potential weakness of this technique is that a low level of polymorphism detection 
may be achieved. For instance, polymorphism rates of between 3% and 27% (Jaccoud 
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et al., 2001; Lezar et al., 2004; Wenzl et al., 2004) were generated from previous 
DArT™ studies. These rates were comparably lower than those obtained from SSH-
based fingerprinting. Therefore, this technique may not be suitable for fingerprinting a 
large number of samples. 
 
1.6.3.3.4   Subtractive Suppression Hybridization (SSH) 
The procedure of SSH was first reported by Diatchenko et al. (1996), of which the 
Clontech PCR-Select™ cDNA Subtraction Kit (Clontech) was initially employed to 
enrich driver-specific cDNA, but not genomic DNA. As the author described, the 
process of the SSH included two hybridizations (Figure 1.6). Firstly, the tester and 
driver were digested with a four-base cutting restriction enzyme that yields blunt ends.  
The tester cDNA fragments were divided into two samples (1 and 2) and ligated with 
two different adapters (adapter 1 and adapter 2), resulted in two populations of tester 1 
and tester 2. Furthermore, an excess amount of driver was subsequently added for 
each tester and subsequently heat-denatured. The single strand (ss) cDNAs in the 
tester fraction (a) were significantly enriched in cDNAs, because “common” non-
target cDNAs formed heterohybrids (c) with the driver (Diatchenko et al., 1996). The 
significantly enriched single strand cDNAs (ss cDNAs) tester fraction (a) was mixed 
with formed heterohybrids (c) of non-target cDNAs and the driver. Therefore, only 
the remaining normalized and subtracted ss tester cDNAs were able to mix together. 
Only the remaining normalized and subtracted ss tester cDNAs were able to 
reassociate and form (b), (c), and new (e) hybrids. Addition of a second portion of 
denatured driver at this stage further enriched fraction (e) for differentially expressed 
genes (Diatchenko et al., 1996). The fraction (e) was amplified using PCR and a pair  
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Figure 1.6 The SSH procedure. Solid boxes represent the outer part of the adaptor 1 longer 
strand while shaded boxes represent the outer part of the adaptor 2 longer strand. Both boxes 
are corresponding PCR primer P1 sequence and PCR primer P2 sequence (Clontech PCR-
Select™ cDNA Subtraction Kit manual). 
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Table 1.5   Comparison of the array-based techniques for fingerprinting CHM (except DArT™). 1 
 
Oligonucleotide 
microarray 
DArT™ SDA SSH-based array 
(Li et al., 2006) 
SSH-based array 
(Li et al.,2004; Li 
et al., 2005) 
Other DNA 
microarrays 
Range of comparison Close relative 
species 
Close relative 
species 
No restriction Close relative 
species 
Close relative 
species 
Close relative 
species 
Sequence information 
required 
Yes No No No No Yes 
Restriction enzymes No Yes 
(One rare cutter and 
one frequent cutter) 
Yes 
(Two frequent 
cutters) 
Yes 
(One frequent 
cutter) 
 
Yes 
(One frequent 
cutter) 
 
No 
Ligation and selective 
amplification 
No Yes No No No No 
SSH No No Yes (one) Yes (Multi) Yes (Multi) No 
Probe preparation Synthesis The selective 
amplified products 
of the restricted 
DNA fragments 
Subtracted DNA 
fragments 
Subtracted DNA 
fragments 
Restricted DNA 
fragments 
PCR amplified 
products 
Target preparation PCR amplified 
products 
Selective amplified 
products 
Restricted DNA 
fragments 
Restricted DNA 
fragments 
Subtracted DNA 
fragments 
PCR amplified 
products 
Dye system Single-dye Dual-dye Single-dye Dual-dye Single-dye Single-dye 
Polymorphism rate N.S. 3-27% 68%* Up to 42.4% N.S. N.S. 
 2 
Note: N.S. = Not specified. 3 
*: generated from the fingerprinting that performed at different level compared with other techniques.4 
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of primers correspond to the outer part of the adapter 1 and 2 (Diatchenko et al., 
1996). Only the remaining normalized and subtracted ss tester cDNAs were able to 
reassociate and form (b), (c), and new (e) hybrids. Addition of a second portion of 
denatured driver at this stage further enriched fraction (e) for differentially expressed 
genes (Diatchenko et al., 1996). The fraction (e) was amplified using PCR and a pair 
of primers correspond to the outer part of the adapter 1 and 2 (Diatchenko et al., 
1996).  
 
The SSH was specifically developed for gene expression studies, but Li et al. (2004, 
2006) and Jayasinghe et al. (2007, 2009) subsequently modified it independently for 
DNA fingerprinting. In these studies, SSH was used to subtract genomic DNA but not 
cDNA. For instance, Li et al. (2006) constructed a diversity SSH array to investigate 
the relationship of six Dendrobium species according to their polymorphic profiles, of 
which four Dendrobium species were used as testers (Table 1.6). A total of 617 
recombinant clones were generated from the four Dendrobium species. 32 positive 
subtracted clones of each tester species (totally 128 positive subtracted clones) were 
randomly selected and spotted as probes on a positively charged nylon membrane to 
create the diversity SSH array. The genomic DNA was digested using RsaI, and 
labeled with DIG. This array successfully discriminated the four Dendrobium species 
based on the polymorphism rates (up to 42.4%) generated from the hhybridizations 
between the DIG-labeled targets and subtracted probes. Jayasinghe et al. (2007) 
reported a successfully enrichment of angiosperm-specific DNA fragments by a 
subtraction between angiosperms and non-angiosperms genomic DNA pools by only 
one SSH. Those angiosperm-specific fragments were cloned and spotted as markers 
on the slides. Based on the SDA, six main clades (Jayasinghe et al., 2007) of 
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angiosperms were differentiated, and many medicinal species were discriminated at 
family level (Jayasinghe et al., 2009).  
 
The disadvantages of this method, however, are apparent when one considers the 
number of SSH which are required for target preparation. In Li et al. (2006)’s 
experiment, four SSH had to be performed to essentially fingerprint only few species 
of Dendrobium. Therefore, this method may be impractical when used to fingerprint a 
large number of species, as it is costly and labour intensive. 
 
 
Table 1.6   Characterization of the subtracted gDNA library (Li et al., 2006). 
Tester Driver Clones Positive subtracted clones 
D. A. D. O. 192 163 
D. O. D. N, 192 151 
D. N, D. C. 192 146 
D. C. D. A. 192 157 
Note: D. C., Dendrobium chrysotoxum; D. A., D. aurantiacum; D. O., D. officinale; 
D. N., D. nobile. 
 
 
 
 
 1.6.3.3.5   The “Subtracted Diversity Array” (SDA) 
Jayasinghe et al. (2007) constructed a new microarray dubbed the SDA, which was 
successfully used to differentiate the six main clades of the flowering plants, or 
Angiosperms. The SDA comprised of 384 features. It was designed to assay the 
angiosperm-specific DNA fragments in a mixed genomic DNA pool from 49 
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flowering plant species, which was derived from a modified SSH of pooled 
angiosperm DNA (tester) and non-angiosperm DNA (driver). The genomic DNA of 
the species that belonged to the same clade were pooled and used directly for target 
preparation, and then double-digested with the restriction enzymes AluI and HaeIII, 
fluorescently labeled with Cy3 and subsequently hybridized with the SDA. The six 
main clades, Asterids, Rosids, Caryophyllids, Ranunculids (Core eudicots), Monocots 
and Eumagnoliids (APG II, 2003) were differentiated based on a comparison of the 
different signals of features in all hybridizations. Also, a polymorphism of 68% was 
generated from this fingerprinting, which was higher than those reported in the 
previous array-based fingerprinting (Jaccoud et al., 2001; Lezar et al., 2004; Wenzl et 
al., 2004; Xia et al., 2005). Additionally, this technique successfully clustered nine 
species, which was used in the creation of the initial genomic DNA pool, at family 
level (Jayasinghe et al., 2009). 
 
The SDA is similar to a previous SSH-based array by Li et al. (2006) rather than other 
array-based techniques, for a number of reasons. Firstly, both of them employ SSH to 
enrich driver specific sequences, clone the subtracted sequences and subsequently 
spot them as probes. Secondly, these techniques use restriction enzyme(s) to produce 
polymorphic sequences, and subsequently use them to prepare targets (Table 1.5). 
Therefore, those advantages superior to previous DArT™ studies may result in 
comparably higher polymorphism rates for both techniques. 
 
There are some differences between the SSH-based array (Li et al., 2006) and the 
SDA. Firstly, for probe preparation, the SDA uses only one SSH to subtract genomic 
DNA pools of angiosperms and non-angiosperms, whereas the SSH-based array uses  
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Table 1.7   A summary of array-based methods used on the studies of herbal plants. 
Species Soureces of 
DNA 
Voucher 
specimens 
Substrate Probe Results  
Allocasia nacrorrhiza, Datura innoxia, D. metel,  
D. tatula, Pinellia cordata, P. ternata,  
P. pedatisecta and Typhonium giganteum.  
(Carles et al., 2001) 
Dried 
materials and 
fresh leaves 
 
N.S. 
 
Silicon-based 
microarray 
 
5S-rRNA 
D. innoxia, D. metel and T. giganteum 
were differentiated based on the 
differences of the hybridizations. 
Dendrobium chrysanthum, D. chrysotoxum, 
D. crystallinum, D. densiflorum, D. falconeri, 
D. fimbriatum, D. jenkinsii, D. lindleyi, 
D. loddigesii, D. lohohense, D. moniliforme, 
D. moschatum, D. nobile, D. pendulum, 
D. primulinum (Zhang et al., 2003). 
 
 
Fresh, 
medicinal 
formulation; 
leaves, stems 
 
 
 
Yes 
 
 
 
 
Microarray 
(glass) 
 
 
 
 
ITS 
 
 
 
Using the fluorescence-labeled ITS2 
sequences as probes, the presence of D. 
nobile in a Chinese medicinal 
formulation containing nine herbal 
components was detected. 
 
Dendrobium auriantiacum, D. nobile 
D. chrysotoxum, D. fimbriatum and 
D. officinale (Li et al., 2005). 
 
 
Commercial 
Samples 
 
 
N.S. 
 
 
Array (nylon) 
 
 
 
Subtracted 
gDNA 
 
Fourteen species-specific probes were 
screened from five closely related 
Dendrobium species. Based on the 
hybridization between DIG-labeled 
gDNAs and multiple species-specific 
gDNA probes, these Dendrobium 
species were identified. 
 
Dendrobium aurantiacum Kerr, D. officinale Kimura 
et Migo, D.nobile Lindl., D. chrysotoxum Lindl. and 
D. fimbriatum Hook (Li et al., 2004). 
 
Fresh leaves 
 
N.S. 
 
Array (nylon) 
 
Subtracted 
gDNA 
 
 
The average ratios of polymorphism 
were varied from 9.7% to 14.6%. 
 
Continued on the next page 
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Table 1.7   A summary of array-based methods used on the studies of herbal plants (Continued from p52). 
Species name Plant part(s) Voucher 
specimens 
Substrate Probe Results  
Aconitum carmichaeli, A. pendulum, Alocasia 
macrorrhiza, Corton tiglium, Datura inoxia, D. 
metel, D. tatula, Dysosma versipellis, Euphorbia 
kansui, Hyoscyamus niger, Pinellia cordata, P. 
pedatisecta, P. ternate, Rhododendron molle, Stellera 
chamaejasme, Strychnos nux-vomica, Typhonium  
divaricatum, T. giganteum (Carles et al., 2005). 
 
 
 
Fresh leaves 
 
 
 
 
Yes 
 
 
 
Silicon-based 
microarray  
 
 
5S gene 
spacer 
 
 
Datura inoxia, D. metel, D. tatula 
were identified based on the 
difference histograms of fluorescent 
intensities. 
 
Thirty four cultivated ginseng samples were obtained 
from Wisconsin in the US, and 21 samples were 
taken from wild habitat (wild ginseng). Six oriental 
ginseng samples were obtained from China and South 
Korea (Qin et al., 2005). 
 
Dried 
ginseng root 
 
 
Yes 
 
Microarray 
(glass) 
 
 
Two 
microsatelli- 
tes 
The appearance of the allele (108 bp) 
at loci CT 12A was found to be 
oriental-specific but not frequently in 
American ginseng. At loci CA 33, the 
cultivated American ginseng was 
distinguished from that of wild 
populations. 
Aconitum napellus Herb., Arabidopsis thaliana L., A. 
absinthium L.,  A. vulgaris L., Atropa belladonna L.,  
Capsicum annuum var. glabriusculum L. (Dunal) 
Heiser & Pickersgill, Caulophyllum thalictroides L. 
Michx., Citrus aurantium L., Datura metel L., 
Digitalis lanata Ehrh., Echinacea angustifolia, DC., 
Ephedra viridis Coville, Glycyrrhiza uralensis Fisch. 
ex DC.,  Hypericum perforatum L., Lawsonia inermis 
L., Lobelia inflata L., Mentha pulegium L., 
Symphytum officinale L., Tanacetum vulgare L., 
Teucrium canadense L., T. chamaedrys L.,  Tussilago 
farfara L. (Barthelson et al., 2006). 
 
 
 
N.S 
 
 
 
N.S 
 
 
 
Microarray 
(glass) 
 
 
 
 
Oligonucleo-
tides 
 
 
The resulting PCR products were 
cloned and sequenced for probes 
design in MLPA assays for 
identification of plant specimens that 
contain genomic DNA. MLPA 
probes were used to identify plant 
specimens. 50.9% of the sequences of 
the CYP98-like PCR products were 
identical. 
Continued on the next page 
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Table 1.7   A summary of array-based methods used on the studies of herbal plants (Continued from p53). 
Species name Plant part(s) Voucher 
specimens 
Substrate Probe Results  
Dendrobium aurantiacum Kerr, D. officinale 
Kimura et Migo, D. nobile Lindl., D. chrysotoxum 
Lindl., D. fimbriatum Hook. and D. densiflorum 
Lindl. et Wall (Li et al., 2006). 
 
 
Fresh leaves 
 
 
N.S. 
 
 
Array (nylon) 
 
Subtracted 
gDNA 
 
The polymorphism of the four 
Dendrobium species was up to 42.4%. 
 
 
Six main clades in angiosperms 
(Jayasinghe et al., 2007) 
 
Fresh leaves 
 
 
Yes 
 
 
Microarray 
(glass) 
 
 
 
Subtracted 
gDNA 
 
Six angiosperm clades (Asterids, 
Rosids, Caryophyllids, Ranunculids, 
Monocots and Eumagnoliids) were 
differentiated using the SDA, which 
generated a polymorphism of 68%. 
 
P. ginseng C. A. Meyer, ginseng (TMPW 18399), P. 
japonicus C. A. Meyer (Japan), Japanese ginseng  
(TMPW 18127), P. quinquefolius L. , American 
ginseng (TMPW 12020),  notoginseng (TMPW 
17489), P. notoginseng (Burk.) F. H. Chen,  P. 
japonicus C. A. Meyer (China), P. japonicus C. A. 
Meyer var. angustifolius (Seem.) C. Y. Wu et Feng, 
P. stipuleanatus H. T. Tsai et K. M. Feng, P. 
pseudoginseng Wall  (Zhu et al., 2008). 
 
 
 
Dried leaf or 
underground 
part of plant 
specimens 
 
 
 
 
Yes 
 
 
 
Microarray 
(glass) 
 
 
 
 
18S rRNA 
 
 
33 probes corresponding to the 
species-specific nucleotide 
substitutions observed at 11 sites in the 
18S rRNA gene sequence printed on 
the PNX array. The species were 
identified. 
 
Species belonging to different families 
(Jayasinghe et al., 2009) 
 
Fresh leaves 
 
Yes 
 
Microarray 
(glass) 
 
 
Subtracted 
gDNA 
 
Species were correctly clustered at the 
family level, but minor discrepancies 
were discovered when the 
fingerprinting was performed at the 
species level. 
 
Note: N.S. = Not specified. 
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multi-SSH to subtract genomic DNA of closely related species. Secondly, for target 
preparation, the SDA uses two cutters to digest genomic DNA, whereas the array uses 
only one restriction enzyme to restrict genomic DNA (Table 1.5). Therefore, these two 
techniques have distinct differences. The SDA may be suitable for wide application in 
detecting DNA polymorphisms as it is cost effective compared with previous DArT™ 
and SSH-based techniques when used to fingerprint a large number of samples. However, 
while the SDA was found to be efficient for plant identification using fresh tissue 
samples, it has not, to date, been applied for the identification of dried CHM. 
 
General conclusion 
DNA extraction from dried commercial CHM samples is the foundation of the 
fingerprinting in this study, because the isolated DNA is used directly for target 
preparation. Considering that the concentration of contaminants and level of degradation 
of dried CHM samples may be affected by various parameters, e.g. condition, age and 
harvest time, the commercial kit used in previous studies may not efficient for extracting 
good quality DNA from dried samples. Therefore, the development of an appropriate 
DNA extraction method for the fingerprinting of dried commercial CHM samples is an 
essential component of this study. 
 
Previous identification techniques were shown to have limitations for fingerprinting 
CHM. Traditional morphological and histological methods are subjective, and are 
ineffective for identifying closely-related species or substitutes. Contemporary chemical 
techniques may be affected by a range of variables in the samples, such as differences in 
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growing conditions and harvesting time. DNA profiles, e.g. polymerase chain reaction 
(PCR)- and sequencing-based techniques, have the disadvantages of requiring a high 
purity of DNA and sequence information, respectively. The requirement of prior 
sequence information is a disadvantage for the oligonucleotide and DNA microarrays, 
which may limit the use of these for fingerprinting CHM which have insufficient 
genomic information. Also, previous SSH-based techniques are costly and labour 
intensive because they employ multi-SSH, and have never been used to fingerprint dried 
commercial CHM. There is therefore an urgent need for the development of a new 
microarray technique that overcomes these disadvantages. 
 
Compared with the oligonucleotide and DNA microarrays, the SDA is a sequencing-
independent technique, indicating this technique is suitable for fingerprinting species 
which have poor genome resources in the databases. Compared with DArT™ and 
previous SSH-based techniques, the SDA has the advantage of being cost effective as it 
does not require ligation, selective amplification and Multi-SSH. However, while this 
technique has been found to be sufficient for fingerprinting fresh leaves at the clade and 
family levels, it has not, to date, been applied in the fingerprinting of dried commercial 
CHM.  
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1.7        The rationale of the thesis study 
 
A range of array-based fingerprinting has been used to accurately distinguish plant 
samples, but most have been tested on fresh samples. In the case of CHM, the majority of 
samples requiring fingerprinting are dried and can be of variable quality. Also, when 
fingerprinting CHM it is important to be able to distinguish the identity of the source 
plant to the level of species and to identify the presence of contaminants.  
 
The principal objective of this study is the develop an efficient, cost effective DNA based 
fingerprinting method for distinguishing dried samples of CHM at the level of species. 
Based on the literature, the SDA has a number of advantages compared with previous 
array-based techniques. To date, it has not been used to fingerprint dried samples but 
since it does not require sequencing information, and is a cost effective technique, it 
appears likely that an SDA method can be developed that can accurately fingerprint dried 
CHM samples. Therefore, this study aims to develop a novel SDA method that satisfies 
these requirements and could be used in future studies. In addition, the study aims to 
sequence clones to facilitate the reduction of redundancy and further improve accuracy in 
future studies. 
 
The specific objectives of this study are as follows: 
1. To develop an appropriate method for isolating good quality DNA from dried 
commercial CHM. 
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6 To develop an SDA method suitable for fingerprinting dried commercial CHM 
samples 
7 To fingerprint the dried commercial CHM samples using this SDA. 
8 To sequence the subtracted clones spotted as features on the SDA. The sequences of 
the polymorphic could be used in future studies. 
9 To detect the sensitivity of the discrimination of the SDA by fingerprinting a CHM 
DNA sample that has been contaminated by substitution of a small amount of DNA 
from a related species.  
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2.1        Introduction 
 
 
Extracting good quality DNA from dried commercial CHM materials is important for the 
SDA for downstream processes e.g. target preparation. However, this is difficult due to 
the presence of high amounts of secondary metabolites e.g. polysaccharides and 
polyphenolics (see section 1.5.1) in dried materials. The secondary metabolites e.g. 
polyphenolics may hamper DNA precipitation and affect the purity of the DNA (Loomis, 
1974; Porebski et al., 1997; see section 1.5.1). Furthermore, the polyphenolics remaining 
in the DNA samples may interfere with downstream work e.g. the enzymatic reactions in 
molecular biology research (Pirttilä et al., 2001; Weishing et al., 1995). In addition, 
degradation of DNA caused by prolonged storage may lead to much lower yields of DNA 
from dried CHM materials compared with fresh tissues. Selection of an appropriate 
method that is efficient for isolating good quality DNA from dried commercial CHM is 
important for fingerprinting using the SDA. 
 
Many DNA extraction methods (Cheng et al., 2002; Li et al., 2002; Porebski et al., 1997) 
have successfully extracted high quality DNA from herbarium tissues, but these methods 
have only been used for specific plant groups (Cota-Sánchez et al, 2006). Also, none of 
these previous methods, or any other published method, has established itself as 
universally applicable to all plant varieties (Varma et al, 2007). Therefore, since no 
previous protocol has been found suitable for extracting the desired quality of DNA from 
a range of different materials, modifying a protocol e.g. CTAB method (Pirttilä et al., 
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2001), or combining the strengths of two or more protocols, appears the most appropriate 
approach for producing a method that is suitable for specific materials. 
 
The purpose of this study is firstly to develop an appropriate DNA extraction method that 
is efficient for extracting good quality DNA from dried commercial CHM materials. The 
second objective of the present study is to determine whether the quality and purity of the 
isolated DNA is sufficient for preparing the targets for microarray hybridizations.  
 
 
2.2        Materials and methods 
 
2.2.1     Genomic DNA preparation 
2.2.1.1    Dried CHM Materials 
Fifteen dried commercial CHM samples, namely Leonurus sibiricus (dried leaves from 
early flowering stage plants), Leonurus sibiricus 1 (dried leaves from vegetative (rosette-
stage) plants), Leonurus sibiricus 2 (dried leaves from vegetative (rosette-stage) plants), 
Astragalus membranaceus (15 × 3 cm root pieces), Astragalus membranaceus (10 × 3 cm 
root pieces), Astragalus membranaceus (5 × 3 cm root pieces), Coix lachryma-jobi (dried 
seeds), Magnolia denudata (flower buds), Abutilon avicennae (seeds), Physalis alkekengi 
(dried fruits), Codonopsis pilosula (dried roots), Fritillaria thunbergii (dried bulbs), 
Mahonia fortunei (dried leaves), Schizandra chinensis (dried fruits) and Salvia 
miltiorrhiza (dried roots) (Figure 2.1A, Figure 2.1B) were purchased from Min Wei 
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Huang TCM Clinic in Melbourne, VIC, Australia (Appendix 5). Although the Chinese 
pharmacist verified all these specimens (M.W. pers. comm.), the age of these samples, 
and the manner in which they were processed were uncertain. A previously identified 
reference CHM, Magnolia biondii (flower buds, 2003), was purchased from Hualong 
Magnolia development Co. Ltd, Naozhao, Henan Province, China (Shen et al., 2008). 
 
2.2.1.2     Chemicals and reagents 
Cetylmethylammonium bromide (CTAB), Polyvinylpyrrolidone (PVP), Ethylenedia-
minetetraacetic acid, Tris, HCl, sodium chloride, ammonium acetate and Chloroform 
(ANALAR grade), Cot1 DNA, PolyA and salmon sperm DNA were purchased from 
Sigma-Aldrich, St Louis, MO. 1 kb ladder, RNase, Biotin AluI, HaeIII and Decalable™ 
DNA Labeling Kit were supplied by Fermentas, Ontario, Canada. FluroLink™ 
Streptavidin-labeled CyTM3 dye was obtained from Amersham Pharmacia, 
Buckinghamshire, UK. QIAgen™ QIAquick® Gel Extraction Kit, QIAgen™ DNeasy® 
Plant Max Kit and QIAgen™ QIAquick® Purification Kit were purchased from QIAgen 
Company, Valencia, Australia. 
 
To extract high purity and good quality DNA, three previously published protocols were 
modified according to the experimental purpose and condition of the samples. For 
instance, a sorbitol method was modified from a protocol reported by Drábková et al. 
(2002), a SDS method was developed from that of Csaikl et al. (1998), and the  
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                             Figure 2.1A     Dried CHM Samples used for DNA extraction 
1. L. sibiricus 1 (dried leaves from vegetative (rosette-stage) plants); 2. A. membranaceus (5 × 3 
cm root pieces); 3. L. sibiricus (dried leaves from early flowering stage plants); 4. A. 
membranaceus (15 × 3 cm root pieces); 5. L. sibiricus 2 (dried leaves from vegetative (rosette-
stage) plants); 6. A. membranaceus (10 × 3 cm root pieces); 7. M. denudata (flower buds); 8. M. 
biondii (flower buds). 
1 2 
3 4 
5 6 
7 8 
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Figure 2.1B     Dried CHM Samples used for DNA extraction 
1. C. lachryma-jobi (dried seeds); 2. A. avicennae (seeds); 3. M. fortunei (dried leaves); 4. S. 
miltiorrhiza (dried roots); 5. S. chinensis (dried fruits); 6. F. thunbergii (dried bulbs); 7. P. 
alkekengi (dried fruits); 8. C. pilosula (dried roots).  
1 2 
3 4 
5 6 
7 8 
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QIAgen™ DNeasy® Plant Maxi Kit was used to replace the QIAgen™ DNeasy® Plant 
Mini Kit (Drábková et al., 2002). In addition, the CTAB method was employed, with 
several modifications based on a previous study (Taylor et al., 2005) (defined as CTAB 
M1) and also another (defined as CTAB M2), developed recently in our laboratory. In the 
present study, two samples (replicates) of each species were used for DNA extraction. 
 
2.2.1.3     QIAgen™ DNeasy® Plant Maxi Kit  
The DNA extraction process is described as following was generated from QIAgen™ 
DNeasy® Plant Maxi Kit manual. 1 g of dried CHM sample was rinsed sequentially with 
ddH2O and 70% ethanol for 3 minutes each before pulverisation in liquid nitrogen, and 
subsequently ground to a fine powder in liquid nitrogen. Then, the powder was 
transferred to a 15-mL centrifuge tube, vortexed vigorously after adding 10 µL RNaseA 
stock solution (100 mg/ml) and 5 mL preheated Buffer AP1 (at 65°C). The mixture was 
incubated at 65°C for 10 minutes, and mixed 3 times during the incubation by inverting 
the tube. Then, 1.8 mL of Buffer AP2 added was added, and the mixture was incubated 
on ice for 10 minutes, followed by a centrifugation at 7,000 r.p.m. (rotor: JA-20) at room 
temperature for 5 minutes. The supernatant was decanted into the QIAshredder maxi spin 
column (lilac) which was placed in a 50-mL collection tube, the column was spun at 
7,000 r.p.m. for 5 minutes at room temperature in a swing-out rotor. The flow-through 
was transferred to a new 50-mL tube without disturbing the pellet in the collection tube, 
and subsequently 1.5 volumes of Buffer AP3/E was added directly to the cleared lysate 
and mixed immediately by vortexing. The solution was transferred to the DNeasy® maxi 
spin column and was centrifuged at 7,000 r.p.m. for 5 minutes, then, the flow-through 
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was discarded and the collection tube reused. 12 mL Buffer AW was added to the 
DNeasy® maxi spin column and centrifuged at 7,000 r.p.m. for 10 minutes to dry the 
membrane. The column was transferred to a new 50-mL tube, 0.75-1 mL of Buffer AE 
(preheated to 65°C) was pipetted directly to the column membrane and left for 5 minutes 
at room temperature. The column was centrifuged for 5 minutes at 7,000 r.p.m.. A new 
microcentrifuge tube was used for the second elution step to prevent dilution of the first 
eluate. Purified DNA sample was stored at -20°C. 
 
2.2.1.4     Sorbitol DNA extraction method 
1 g of dried CHM sample was rinsed sequentially with ddH2O and 70% ethanol for 3 
minutes each before pulverisation in liquid nitrogen. The powder was transferred to a 50-
mL Eppendorf tube and suspended with 15 mL of extraction buffer (Appendix 1). The 
mixture was incubated at room temperature for 20 minutes, and the solution was 
centrifuged at 7,000 r.p.m. for 5 minutes at room temperature. 8 mL each of an extraction 
and a lysis buffer (Appendix 1) were added to dissolve the pellets in a 50-mL Eppendorf 
tube. The solution was incubated at 65°C for 30 minutes, followed by a centrifugation at 
9,000 r.p.m. at 20°C for 10 minutes. 12 mL of supernatant was extracted using the same 
volume of chloroform-isoamylalcohol (24:1). The mixture was then centrifuged at 9,000 
r.p.m. for 10 minutes at room temperature. This extraction process was repeated twice. 6 
mL of the upper aqueous portion was transferred to a new 50-mL Eppendorf tube, and the 
DNA was precipitated using 12 mL 100% ice cold ethanol at -20°C overnight. The DNA 
pellet was obtained by a centrifugation at 9,000 r.p.m. for 25 minutes at 4°C, and was 
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washed with 75% ethanol twice. The DNA pellet was resuspended in 100 µL TE buffer 
(Appendix 1), and subsequently stored at -20°C. 
 
2.2.1.5    SDS method 
1 g of dried CHM sample was rinsed sequentially with ddH2O and 70% ethanol for 3 
minutes each before pulverisation in liquid nitrogen. The powder was transferred to a 50-
mL Eppendorf tube, 15 mL of preheated DNA extraction buffer (Appendix 1) and 1 mL 
20% SDS solution were added. Then, the mixture was incubated at 56ºC for 45 minutes 
(shaking every 5 minutes). 5 mL of 5 M KAc was added and incubated on ice for 20 
minutes. The solution was centrifuged at 7,000 r.p.m. for 15 minutes at room 
temperature. 12 mL of supernatant was extracted using the same volume of chloroform-
isoamylalcohol (24:1) and mixed by inversion. The mixture was subsequently centrifuged 
at 9,000 r.p.m. for 10 minutes at room temperature. The extraction process was repeated 
twice. 6 mL of the upper aqueous portion was transferred to a new 50-mL Eppendorf 
tube, DNA was precipitated with a 2/3 volume of isopropanol by incubating the solution 
on ice for 30 minutes. The DNA pellet was obtained by a centrifugation at 9,000 r.p.m. 
for 25 minutes. The pellet was washed with 70% ethanol twice and air dried, the pellet 
was re-suspended with 100 µL TE buffer (Appendix 1) and stored at -20 ºC. 
 
2.2.1.6     CTAB M1  
1 g of dried CHM sample was rinsed sequentially with ddH2O and 70% ethanol for 3 
minutes each before pulverisation in liquid nitrogen. The powder was suspended with 15 
mL DNA extraction buffer (100 mM Tris-HCl [pH 8.0], 20 mM EDTA [pH 8.0], 1.4 M 
Chapter 2   Development of a protocol for the efficient extraction of degraded DNA from 
dried commercial CHM 
 
  68 
NaCl, 3% CTAB; Appendix 1) and subsequently incubated at 55°C for 30 minutes with 
occasional shaking. After a centrifugation at 7,000 r.p.m. for 10 minutes, the supernatant 
was extracted using the same volume of chloroform-isoamylalcohol (24:1). The mixture 
was then centrifuged at 7,000 r.p.m. for 10 minutes at room temperature. This extraction 
process was repeated twice. The upper aqueous portion was precipitated using 2.5 
volumes of ice-cold absolute ethanol, 0.1 volume of 7.5 M ammonium acetate and 1 
volume of 5 M sodium chloride, and subsequently stored at -20°C for 1 hour. the mixture 
was centrifuged at 9,000 r.p.m. at 4°C for 25 minutes, the DNA pellet was washed with 
70% ethanol, air dried and re-suspended in 200 µL of TE buffer (Appendix 1). After 2 µL 
of RNase (1 mg/ml) was added, the solution was incubated at 37°C for 15 minutes, and 
subsequently stored at -20°C. 
 
 2.2.1.7    CTAB M2 
To remove polyphenolics from the DNA samples, polyvinylpyrrolidone (PVP) was 
employed in the modified CTAB method. Polyvinyl polypyrollidone (PVPP) and PVP 
are the chemicals normally used to remove polyphenolics (Maliyakal, 1992; Permingeat 
et al., 1998; Porebski et al., 1997). However, considering that PVP is water soluble and 
chemically inert, and yields a higher quantity of DNA than PVPP (Porebski et al., 1997), 
this chemical was used to prevent oxidation of the secondary metabolites and avoid 
further DNA degradation in the disrupted herbal materials. 
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The soluble contaminants could be eliminated by immersing the dried CHM samples in 
water overnight before pulverisation in liquid nitrogen (Li et al., 1994). The QIAgen™ 
DNeasy® spin column was used to bind DNA and remove contaminants by 
centrifugation. After that, the DNA was separated by centrifugation at room temperature 
instead of at 4°C.  
 
Genomic DNA was extracted from the tissues of all specimens using the modified CTAB 
method. Briefly, 1 g of dried CHM sample was rinsed sequentially with ddH2O and 70% 
ethanol for 3 minutes each before pulverisation in liquid nitrogen. The powdered sample 
was suspended in DNA washing buffer (250 mM Tri-HCl [pH 8.0], 50 mM EDTA [pH 
8.0], 250 mM NaCl; Appendix 1) at 0°C for 10 minutes. The solution was centrifuged at 
7,000 r.p.m. (Eppendorf Centrifuge 5415, Hamburg, Germany) for 10 minutes, and the 
pellet was subsequently re-suspended with 15 mL DNA extraction buffer (100 mM Tris-
HCl [pH 8.0], 20 mM EDTA [pH 8.0], 1.4 M NaCl, 2% PVP, 3% CTAB; Appendix 1). 
The mixture was incubated at 55°C for 30 minutes with occasional shaking and 
subsequently centrifuged at 7,000 r.p.m. for 10 minutes. The supernatant was extracted 
using the same volume of chloroform-isoamylalcohol (24:1). The mixture was then 
centrifuged at 7,000 r.p.m. for 10 minutes at room temperature. This extraction process 
was repeated twice. The upper aqueous portion was precipitated with 2.5 volumes of ice-
cold absolute ethanol, 0.1 volume of 7.5 M ammonium acetate and 1.4 volumes of 5 M 
sodium chloride and stored at -20°C for 60 minutes. After a centrifugation at 9,000 r.p.m. 
for 25 minutes, the DNA pellet was washed with 70% ethanol, air dried, and suspended 
in 200 µL of TE buffer (Appendix 1). After 2 µL of RNase (1 mg/ml) was added, the 
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solution was incubated at 37°C for 15 minutes and transferred to a QIAgen mini spin 
column, followed by a centrifugation at 8,000 r.p.m. for 1 minute. 100 µL buffer AE was 
transferred to the mini spin column and followed by a further centrifugation at the same 
speed, and stored at -20°C.  
 
2.2.1.8     Quantification of DNA 
The genomic DNA was quantified using the absorbance at 260 nm (Bio UV-visible 
spectrophotometer, Varian Australia Pty LTD). Five microliters of extracted DNA were 
electrophoresed on 1.5% agarose gels, stained with ethidium bromide, visualized using a 
Bio-RAD UV fluorescence. The purity of the DNA was characterized by the ratio of 
absorbance at 260 nm to that at 280 nm. The purity of DNA was high if the ratio of 
A260/A280 was between 1.8 and 2.0. A ratio less than 1.8 indicated that contaminants 
may remain in the DNA sample. A ratio higher than 2.0 indicates the samples may be 
contaminated with RNA. After UV quantification, the DNA was stored at -20°C in the 
shorter term, and later at -80°C for a longer term. 
 
The formulas for calculating the concentration and quantity of the isolated DNA are as 
follows: 
DNA concentration (µg/µL) = (OD260×100 (dilution factor) ×50 µg/mL)/1000 
DNA yeild (µg) = DNA concentration (µg/µL) × 100 (µL) 
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2.2.3     Preliminary fingerprinting of four dried commercial CHM using the SDA 
2.2.3.1     Genomic DNA preparation using the CTAB M2 
In order to determine whether the quality of DNA obtainable from dried CHM samples is 
sufficient for target preparation, a preliminary fingerprinting study was undertaken. DNA 
was isolated from four dried commercial CHM samples, namely A. membranaceus (15 × 
3 cm root pieces), L. sibiricus 1 (dried leaves from vegetative (rosette-stage) plants), M. 
denudata (flower buds) and M. biondii (flower buds), using the CTAB M2 (see section 
2.2.1.7). Two replicates of DNA samples for each of the CHM samples were used to 
prepare targets, and these were subsequently hybridized with the SDA. 
 
2.2.3.2     Double-digestion and DNA labeling  
The extracted DNA was double-digested and labeled before hybridized with the SDA. 1.5 
µg of DNA isolated from each CHM material was restricted with AluI and HaeIII (5 units 
of each) at 37ºC overnight, purified with the QIAquick® Purification Kit, and 
subsequently labeled with Biotin using the DecaLabel™ DNA Labeling Kit following the 
manufacturers’ guidelines.  
 
2.2.3.3    Hybridization and washing 
The pre-printed SDA slide (with a sub-array pattern of 48 × 8, with two technical 
replicates and two biological replicates) was pre-hybridized at 42°C for 45 minutes in a 
pre-warmed solution which contained 5 × standard saline citrate (SSC), 0.1% sodium 
dodecylsulphate (SDS), 1% bovine serum albumin (BSA) and 25% formamide. These 
hybridizations were performed with two technical replications (two subarrays with the 
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same target) for each of two biological replications (separately synthesized target).The 
slide was rinsed with sterile MilliQ water and dried with an air gun. 6.5 µL biotin-labeled 
targets were mixed with 12 µL of fresh 2 × hybridization buffer (500 µL of formamide, 
500 µL of 10 × SSC, 20 µL of 10% SDS), 2 µL of 5 µg/µL Cot1 DNA (Sigma™-Aldrich, 
St Louis, MO), 1.5 µL of 10 mg/mL Poly A (Sigma™-Aldrich) and 2 µL of 10 mg/mL 
salmon sperm DNA (Sigma™-Aldrich). The mixture was denatured at 100°C for 2 
minutes and immediately applied onto two sub-arrays (biological replicates) under a 22 × 
25 mm lifter slip (Grale Scientific, Ringwood, Victoria, Australia). The slides were then 
placed in waterproof, humidified hybridization chambers (Corning Incorporated Life 
Sciences) and incubated at 55°C overnight. 
 
After hybridization, each slide was washed in each of the following solutions for 5 
minutes: 2 × SSC with 0.1% SDS; 0.5 × SSC with 0.1% SDS; 2 × SSC; 4 × SSC with 
0.2% Tween 20. Cy3 labeling was performed in the dark using the FluroLink™ 
Streptavidin-Cy3 kit, followed by a washing in 0.1% SSC for 5 minutes. Then, the slide 
was rinsed with sterile MilliQ water and dried with an air gun immediately. The DNA 
targets bound on the array were then labeled with fluorescent FluoroLink™ streptavidin-
labeled Cy™3 dye using a biotin-streptavidin system. In brief, 24 µL of streptavidin-
Cy™3 (1: 250, streptavidin-labeled Cy™3: MilliQ water dilution) was applied onto the 
microarray surface under a lifter slip. The slides were placed in a hybridization chamber 
and incubated for one hour in the dark. Finally, these slides were washed for 5 minutes in 
0.1 % SSC, washed with Sterile MilliQ water, and subsequently dried with an air gun. 
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2.2.3.4 Quality control 
The hybridization pattern was determined by scanning each slide in an Affymetrix 428™ 
array Scanner (Santa Clara, CA) at 532nm, and image capture was performed using the 
Affymetrix® Jaguar™ software (version 2.0). These hybridizations were performed with 
two technical replications (two sub-arrays with the same target) for each of the two 
biological replications (separately synthesized target). All hybridization patterns were 
analyzed using Imagene™ version 5.5 (BioDiscovery, Marina Del Rey, CA) analysis 
software. Automatically flagged spots were eliminated. Spots with high intensity caused 
by dust particles or other artifacts were manually flagged. Spots were individually 
quantified using the fixed circle method. 
 
Automatic flagging eliminated empty spots, negative spots (signal mean less than 
background mean) and ‘poor’ spots (contaminated background, ignored pixels > 25%, 
open perimeter > 25%, offset from expected position > 60%). Spots with a signal to 
background ratio of ≥ 2.0 were considered to represent positive spots, and their values 
were converted to one. Spots with a signal to background ratio of < 2.0 were converted to 
zero. Only those features with ‘good’ spots of consistent classification (positive or 
negative) in all four replicates of each hybridization were accepted for the data analysis. 
Subsequently, the four replicates for each spot were combined as either a positive (1) or 
negative (0) spot. 
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2.2.3.5 Statistical analysis 
As mentioned previously (see section 2.2.3.3), totally 4 replicates, including two 
technical replications (two subarrays with the same target) for each of two biological 
replications (separately synthesized target) were used for each samples. The resulting 
binary data were examined using SPSS 15.0 (SPSS Inc., Chicago, IL) for phylogenetic 
relationships by constructing a dissimilarity dendrogram using Pearson correlation and 
hierarchical cluster analysis with between-groups linkage. The dendrogram showing the 
phylogenetic relationships among the four dried herbal species were subsequently 
compared to that of the APG II classification (2003). This system was constructed using 
conventional morphological information, but recently has been reinforced by PCR-based 
and gene sequencing information (http://www.mobot.org/MOBOT/ research/APweb, 
06/2008).  
 
 
2.3        Results 
 
2.3.1    The quantity and purity of the isolated DNA 
DNA was successfully extracted from all dried commercial CHM samples using the five 
protocols. The quantities of the isolated DNA were between 2.2±0.1 µg (from sample M. 
biondii (flower buds) using the CTAB M2 method) and 219.3±68.5 µg (from L. sibiricus 
2 (dried leaves from vegetative (rosette-stage) plants) using the CTAB M1 method) 
(Appendix 2). The absorbance ratios of the extracted DNA were between 0.75 and 1.91 
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(Appendix 2), most of these (97.5%) were under 1.8, indicating the presence of impurities 
in the DNA samples. In addition, the smeared bands displayed on the gel (Figure 2.3A, 
2.3B, 2.3C, 2.3D) evidenced that most of the isolated DNA was badly degraded. 
 
2.3.2     Comparison of DNA extraction methods 
For the majority of the isolated DNA using the CTAB M2 and the QIAgen™ DNeasy® 
Plant Maxi Kit, the purity level was higher than that obtained using the other protocols. 
This was evidenced by the comparably higher absorbance ratios of these DNA samples. 
For instance, the A260/A280 ratios of the DNA extracted from the sample A. 
membranaceus (5 × 3 cm root pieces) were 1.76 and 1.82 respectively when using the 
CTAB M2 and the commercial kit (Appendix 2). In contrast, comparably lower 
absorbance ratios of 0.75, 1.63 and 0.95 were obtained respectively when the SDS, 
sorbitol and CTAB M1 were used (Appendix 2). Therefore, these two methods were 
more suitable for DNA extraction from the dried commercial CHM samples, and were 
subsequently compared with each other to select one method for use in the further study. 
 
Compared with the QIAgen™ DNeasy® Plant Maxi Kit, the majority (75%) of the 
isolated DNA samples had higher absorbance ratios when the CTAB M2 was employed. 
For example, a ratio of 1.36 was obtained for the sample L. sibiricus 1 (dried leaves from 
vegetative (rosette-stage) plants) when using the CTAB M2, which was higher than the 
ratio of 1.14 obtained using the commercial kit. Therefore, the CTAB M2 was used for 
extracting DNA from dried commercial CHM for this study. 
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Figure 2.2  Comparison of extracted DNA using different methods (except the commercial kit) 
Left to right: 1. A. membranaceus (15×3 cm pieces); 2. A. membranaceus (10×3 cm pieces); 3. 
C. lachryma-jobi (seeds); 4. M. denudata (flower buds); 5. L. sibiricus 1 (dried leaves from 
vegetative (rosette-stage) plants); 6. L. sibiricus 2 (dried leaves from vegetative (rosette-stage) 
plants).  
A: SDS method; B: Sorbitol method; C: CTAB M1; B: CTAB M2. 
3 1 2 4 5 6 
A 
B 
C 
D 
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                                  A.   CTAB M1                        B. Sorbitol method                   
 
 
 
 
 
                                    C. CTAB M2                          D. SDS method 
Figure 2.3A   Agarose gel of the extracted DNA samples from CHM samples 
Left to right: L. 1kb ladder; 1. A. membranaceus (15 × 3 cm root pieces); 2; A. membranaceus 
(10 × 3 cm root pieces); 3. A. membranaceus (5 × 3 cm root pieces); 4. L. sibiricus 1 (dried 
leaves from vegetative (rosette-stage) plants); 5. M. biondii (flower buds); 6. M. fortunei (dried 
leaves). 
1 2 3 4 5 6 1 2 3 4 5 6 L 
1 2 3 4 5 6 1 2 3 4 5 6 L 
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                   A. CTAB M1                                                   B. CTAB M2     
 
 
 
 
 
                 C. SDS method                                                   D. Sorbitol method                    
 
Figure 2.3C   Agarose gel of the extracted DNA samples from CHM samples 
Left to right: L. 1kb ladder; 1. F. thunbergii (bulbs); 2. S. chinensis (dried fruits); 3. M. 
denudata (flower buds); 4. P. alkekengi (dried fruits). 
1 2 3 4 
1 2 3 4 1 2 3 4 L 
1 2 3 4 L 
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                 A. Sorbitol method                                     B.  CTAB M1                                                              
 
 
 
 
  
               C. SDS method                                          D. CTAB M2                                              
 
Figure 2.3B   Agarose gel of the extracted DNA samples from CHM samples 
Left to right: L. 1kb ladder; 1. L. sibiricus (dried leaves from early flowering stage plants); 2. 
C. pilosula (dried roots); 3 L. sibiricus 2 (dried leaves from vegetative (rosette-stage) plants); 
 
1 2 3 4 5 6 1 2 3 4 5 6 
1 2 3 4 5 6 1 2 3 4 5 6 L 
L 
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Figure 2.3D   Agarose gel of the extracted DNA samples from CHM samples 
Left to right: L. 1kb ladder; 1. C. pilosula (dried roots); 2. M. denudata (flower buds); 3. A. 
avicennae (seeds); 4. A. membranaceus (10 × 3 cm root pieces); 5. C. lachryma-jobi (seeds); 
6. S. miltiorrhiza (dried roots); 7. M. biondii (flower buds); 8. F. thunbergii (bulbs); 9. P. 
alkekengi (dried fruits); 10. A. membranaceus (5 × 3 cm root pieces); 11. L. sibiricus (dried 
leaves from early flowering stage plants); 12. S. chinensis (dried fruits); 13. L. sibiricus 1 
(dried leaves from vegetative (rosette-stage) plants); 14. L. sibiricus 2 (dried leaves from 
vegetative (rosette-stage) plants); 15. A. membranaceus (15 × 3 cm root pieces); 16. M. 
fortunei (dried leaves). 
12 13 14 16 15 L 9 10 11 
7
1 
4 5 L 6
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The DNA extracted from the four dried commercial CHM samples using the CTAB M2 
(see section 2.2.1.7) was of sufficiently high quality for fingerprinting purposes. The 
absorbance ratios for these four DNA samples were within the range 1.05-1.77 
(Appendix 2), indicating the presence of impurities. However, these did not appear to 
interfere with restriction (Figure 2.4), labeling and hybridization with the SDA (Figure 
2.5). Therefore, the quality of the isolated DNA using the CTAB M2 was suitable for the 
target preparation of the SDA. 
 
2.3.3     The phylogenetic relationship of the species of the CHM  
The SDA displayed high levels of polymorphic features, i.e. 85.6% of the 270 scorable 
features on the SDA were polymorphic across the three herbal species. Of 384 features on 
the SDA, 114 of these were “autoflagged” and excluded from the statistical analysis, 39 
of these features were found to be common for all hybridizations. The remaining 231 
features displayed different signals among the hybridizations, which were polymorphic 
and contributed to the discrimination of A. membranaceus, L. sibiricus and M. denudata.  
 
As further evidence of the efficacy of the DNA extraction protocol employed in this 
study, the hierarchical clustering of the dried medicinal herbs (Figure 2.6A) conformed to 
the predicted taxonomical relationships for these species as specified in the APG II 
system. According to the results, A. membranaceus, (Fabaceae, Asterids), was clustered 
closely with L. sibiricus (Lamiaceae, Rosids) than M. denudata (Magnoliaceae, 
Eumagnoliids) (Figure 2.6A). In addition, M. denudata clustered more closely with the 
M. biondii reference species than the other two CHM species (Figure 2.6B), indicating 
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that the level of discrimination of the SDA may be sufficient for the differentiation of the 
dried commercial CHM at the subgenus/species level. 
 
 
 
 
Figure 2.4  Agarose gel of the DNA samples after double digestion using AluI and HaeIII. 
Lanes: L: 1kb ladder; 1. M. biondii (flower buds); 2. M. denudata (flower buds); 3. L. 
sibiricus 1 (dried leaves from vegetative (rosette-stage) plants); 4. A. membranaceus (15 × 3 
cm root pieces). 
 
 1 2 3 4 L 
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Figure 2.5  Hybridization patterns using the DNA extracted from dried commercial CHM 
Lanes: 1. A. membranaceus (15 × 3 cm root pieces); 2. L. sibiricus 1 (dried leaves from 
vegetative (rosette-stage) plants); 3. M. denudata (flower buds); 4. M. biondii (flower buds). 
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Figure 2.6  Hierarchical dendrogram of the three and four individual medicinal herbs using 
signal intensity mean with threshold ratio 2.0. The steps of the dendrogram show the 
combined clusters and the values of the distance coefficients at each step; the values have been 
rescaled to numbers between 0 and 25, preserving the ratio of the distances between the steps. 
A. A.  membranaceus (15 × 3 cm root pieces), L. sibiricus 1 (dried leaves from vegetative 
(rosette-stage) plants) and M. denudata (flower buds). 
B. A. membranaceus (15 × 3 cm root pieces), L. sibiricus 1 (dried leaves from vegetative 
(rosette-stage) plants), M. denudata (flower buds) and M. biondii (flower buds). 
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2.4        Discussion 
 
The CTAB M2 extracted a comparably higher purity and better quality DNA than the 
other methods. The quality of the isolated DNA using this method was sufficient for 
preparing targets for the SDA. The discrimination of the SDA was sufficient for 
differentiating the dried commercial CHM. In the following sections, the developments of 
the CTAB M2 and several parameters that may affect the hybridizations with the SDA 
will be discussed. 
 
2.4.1        The developments of the CTAB method 
This developed CTAB M2 used the QIAgen™ mini spin column and chemicals e.g. 
NaCl, PVP to isolate high purity DNA. The extraction buffer employed a higher 
concentration of PVP (2%) and NaCl (1.4 M) to prevent the oxidation of the secondary 
metabolites in the disrupted plant materials. Since these modifications remove 
polysaccharides and polyphenolics, it was expected that the problems caused by the high 
levels of these compounds could be minimised. The developments of the CTAB method 
are discussed in the following sections. 
 
2.4.1.1     The concentration of NaCl 
The DNA pellets were viscous or dark brown when the concentration of NaCl was less 
than 1 M, but they were colorless (Figure 2.2) when the concentration was increased to 
1.4 M, indicating that majority of contaminants e.g. polysaccharides were removed from 
the DNA solutions. The increased concentration of 1.4 M NaCl used in this study was 
Chapter 2   Development of a protocol for the efficient extraction of degraded DNA from 
dried commercial CHM 
 
  86 
expected to be helpful in reducing contaminants present in the dried commercial CHM 
samples. This result supported the findings of previous studies (Aljanabi et al., 1997; 
Paterson et al., 1993; Puchooa et al., 2004; Warude et al., 2003; Zidani et al., 2005), 
which indicated that concentration of NaCl over 0.5 M (1.4 M to 6 M) may be suitable 
for removing contaminants e.g. polysaccharides from DNA solutions by precipitating 
nucleic acids using isopropanol or ethanol. For instance, Aljanabi et al. (1997) extracted 
high quality DNA from polysaccharide- and polyphenolic-rich tissue, e.g. sugarcane, 
lettuce and strawberry, using 6 M NaCl and ethanol. However, considering that the 
concentration of contaminants may vary according to the resources and condition of the 
plant tissues, the concentration of NaCl may require adjustment in future studies. 
 
2.4.1.2      PVP 
PVP has been widely used in DNA extraction from plants, because it can combine 
polyphenolics by hydrogen bonding, and is helpful to remove contaminants from DNA 
strands (Aljanabi et al., 1999; Hameed et al., 2004; Kadkhodaee, 2002). In previous 
studies (Csaikl et al., 1998; Dehestani and Kaizemi, 2007; Dellaporta et al., 1983; Dixit, 
1998; Joshi et al., 2004; Karakousis et al., 2003; Khanuja et al., 1999; Lin et al., 2001; 
Michiels et al., 2003; Murata et al., 2008; Puchooa et al., 2004; Suzuki et al., 2003), 
different concentration of up to 5% have been used separately or co-operated with 
antioxidants e.g. β-mercaptoethanol and BSA to precipitate polyphenolics. For instance, 
Dehestani et al. (2007) isolated a high purity of DNA (the absorbance ratios were 
between 1.69 and 1.91) from leaf samples of tea (Camellia sinensis), Pokeweed 
(Phytolacca dodecandra) and Broad bean (Vicia faba L.), using an extraction buffer 
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containing 2% PVP and 0.2% β-mercaptoethanol. In the present study, the CTAB M2 
used PVP powder and PVP solution (2-3%), which was higher than the amounts reported 
in the majority of the previous studies. The successful restrictions and hybridizations 
indicated that this concentration was helpful to isolate good quality, high purity DNA 
from the dried commercial CHM.  
 
One impact needs to be considered when using PVP 40 to isolate DNA from CHM in 
future studies. PVP 40 may precipitate nucleic acids and become a remaining 
contaminant in the DNA solution (Puchooa et al., 2004; Pirttilä et al., 2001). Therefore, 
another chemical, PVP 10 could be used to replace this chemical for higher purity of 
DNA in future studies. 
 
2.4.1.3      Other reagents 
Some reagents used in the previous studies were excluded from the extraction buffer in 
this developed CTAB method. For instance, β-mercaptoethanol from 0.1% to 2% (Kumar 
et al., 2003; Michiels et al., 2003; Pirttilä et al., 2001), ammonium acetate (10 mM) 
(Pirttilä et al., 2001), BSA (0.1%), polyethylene glycol [MW 8000] (10%), and N-
laurylsarcosine (1%) (Crowley et al., 2003) have been employed to eliminate 
contaminants and extract high purity DNA from different species. In addition, various 
concentration of polyethylene glycol (PEG) (Li et al., 1994; Murphy et al., 2006; Sauer, 
et al., 2008; Wang et al., 1999) have been used to precipitate DNA because it may 
decrease the polysaccharides remaining in the DNA sample. Vitamin C (VC) has been 
used as an antioxidant (Hu et al., 1998) because it can efficiently eliminate polyphenolics 
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remaining in DNA samples (Guo and Lin, 2002). However, these reagents were excluded 
from the CTAB M2 due to the following reasons. For instance, the toxicity of β-
mercaptoethanol is well documented, and was therefore excluded. PEG and VC may 
decrease the quantity of DNA and make it insufficient for target preparation. The 
remaining phenolics in the DNA samples may inhibit or reduce the efficiency of 
downstream reactions (Hiesinger et al., 2001). However, considering that the 
concentration of contaminants in samples may be affected by various parameters, e.g. the 
condition of the samples and harvest time, some of the reagents may be helpful for 
isolating high purity DNA from different CHM samples in future studies. 
 
2.4.2        Comparison of DNA extraction methods 
Since no universal method is suitable for extracting high purity, good quality DNA from 
plant material in general, some previous studies compared different DNA protocols in 
order to choose an appropriate one for their study. For instance, Csaikl et al. (1998) 
compared four protocols that have been used to isolate DNA from the leaves or needles 
of several species: oak (Quercus robur), elm (Ulmus glabra), pine (Pinus sylvestris), fir 
(Abies alba), poplar (Populus tremula x tremuloides) and maize (Zea mays) (fresh 
materials) and Rhododendron luteum (silica dried or frozen material). A combination of 
CTAB lyses followed by anion exchange chromatography was recommended because it 
quickly isolated high quality DNA from all species. Drábková et al. (2002) recommended 
the QIAgen™ DNeasy® Plant Mini Kit after comparing seven protocols for isolating 
DNA from herbarium specimens of Juncus and Luzula (Juncaceae) of various ages. 
Donna et al. (2005) compared eight methods for extracting DNA from raw potato tubers 
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(Solanum tuberosum L.), and a CTAB-based method that extracted the highest DNA 
yields from the tuber material was recommended. However, these previous studies were 
not helpful for the present study due to the different species and the conditions of the 
herbal samples that were used in this study. 
 
Similar recommendations, i.e. CTAB-based methods, were generated from the present 
and previous studies (Csaikl et al., 1998; Donna et al., 2005), however, the modifications 
may not be suitable for direct comparison. The main reason is that different chemicals 
were involved in these modified CTAB methods. The concentration of contaminants are 
likely to vary according to the state of the plant tissue, i.e. age, storage conditions, and 
sources of the samples. Consequently, the modifications required may vary according to 
the nature of the samples.  
 
2.4.3 Quantity of DNA used for target preparation  
The quantity of genomic DNA used for target preparation in this study was much less 
than that reported in previous SDA studies (Jayasinghe et al., 2007; Jayasinghe et al., 
2009). In those studies, 4 µg was used to prepare targets, compared with 1.5 µg used in 
the present study. A smaller amount was selected for two reasons. Firstly, based on the 
results of a previous study it was suspected that a smaller amount of DNA used in 
microarray hybridizations may result in a greater level of discrimination. In the previous 
studies mentioned above, the sensitivity of the SDA was sufficient for differentiating the 
flowering plants at the clade and family levels (Jayasinghe et al., 2007; Jayasinghe et al., 
2009), but  minor discrepancies were discovered when the fingerprinting was performed 
Chapter 2   Development of a protocol for the efficient extraction of degraded DNA from 
dried commercial CHM 
 
  90 
at the species level (Jayasinghe et al., 2009). A possible reason for this result was the 
effect of the quantity of DNA on the specific binding between targets and probes. 
Excessive binding between targets and probes may affect the signals of features and 
consequently increase the signal to background ratio.  
 
The other reason was the efficient use of resources. A larger amount of DNA requires a 
greater quantity of restriction enzymes, which are expensive, so there is value in 
developing a method which reduces the quantity of restriction enzymes required. The 
quantity of 1.5 µg was selected for this study since it was the minimum quantity that was 
found to be efficient for producing clear signals of features on the hybridizations, based 
on the results of a separate fingerprinting study for developing the SDA that was 
conducted concurrently (see Appendix 4). In addition, a potential advantage of this 
technique is using a large amount of DNA template for target preparation, which does not 
require a large number of PCR amplification employed in gene-based probe microarrays, 
because PCR amplification may result in contamination artifact.  
 
2.4.4   Quantity of the restriction enzymes 
Only 5 units for each restriction enzyme were used to double-digest the genomic DNA in 
the present study. This was much lower than the 70 units (Jayasinghe et al., 2007) 
reported in the previous SDA study. Since the quantity of DNA for target preparation was 
decreased from 4 µg to 1.5 µg, the quantity of restriction endonucleases was significantly 
decreased from 70 (Jayasinghe et al., 2007) to 5, respectively. Compared with the 
previous study, the amount of the restriction enzymes was much closer to the 
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recommendation (Introduction of AluI and HaeIII, Fermentas). Using these amounts, 
successful digestion of the isolated DNA was achieved as evidenced by smear DNA 
without any dominant bands displayed on the gel (Figure 2.8). This indicated that 5 units 
of restriction enzymes were efficient for generating enough polymorphic sequences for 
further study. 
 
2.4.5 Hybridization temperature  
Hybridization temperature may interfere with the specific binding between targets and 
probes, and may subsequently affect the signals of the features on the SDA. For instance, 
Huang et al. (2004) described that increasing the temperature enhanced the specificity of 
the microarray. Li et al. (2006) reported that cross-hybridization was decreased with the 
increase in hybridization temperature. Therefore, to improve the sensitivity of the SDA 
and decrease the cross-hybridization, a higher temperature of 55ºC was used to replace 
the 50ºC (Jayasinghe et al., 2007; Jayasinghe et al., 2009) used in the previous studies.  
 
The temperature used in this study was lower than in the majority of the previous 
DArT™ and SSH-based studies, in which hybridization temperatures that varied from 
50ºC to 67ºC were employed (Carles et al., 2001; Jaccoud et al., 2001; Li et al., 2004; Li 
et al., 2006; Xia et al., 2005). For instance, Jaccoud et al. (2001) performed 
hybridizations at 65ºC using a DArT™, which was suitable for genotyping any genome 
and complex genomic complexes. Xia et al. (2005) used DArT™ for high-throughput 
genotyping of Cassava (Manihot esculenta) and its wild relatives at 65ºC. Li et al. 
performed hybridizations at 62ºC (2004) and 67ºC (2006) using SSH-based arrays to 
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identify different Dendrobrium species. In contrast, four dried commercial CHM samples 
were successfully discriminated at 55ºC using the SDA in this study.  
 
The main reason that different temperatures are used in various array-based studies 
appears due to the differences in the labeling systems, dye systems and the solid surfaces 
employed in the studies. The upper limit of tolerance temperature is for the Corning® 
GAPS II slides used in this study is 65ºC (GAPS II Coated Slides introduction manual, 
Lifesciences, NY). When a comparison was done using these slides at 60ºC and 55ºC, it 
was found that at 55ºC more polymorphic features for data analysis were generated, so 
this temperature was selected. 
 
2.4.6    Polymorphism 
A high rate of polymorphism of 85.6% was detected in the fingerprinting experiment 
involving the three dried commercial CHM (Figure 2.6A), alluding to the distant 
relationships between these CHM species. M. denudata, a species representing the 
Eumagnoliids, was easily discriminated from the other species which belonged to the 
Asterids and Rosids, and resulted in a polymorphism rate of 85.6%. The polymorphism 
rate was comparably higher than those of between 3% and 27% reported in previous 
DArT™ (Jaccoud et al., 2001; Lezar et al., 2004; Wenzl et al., 2004). Also, this rate was 
higher than the 68% reported in the previous SDA study (Jayasinghe et al., 2007). 
However, these results are not directly compared since the fingerprinting studies were 
performed at different taxonomical levels. For instance, the previous DArT™ studies 
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were used for investigating the phylogenetic relationship of closely related species, and 
the previous SDA was used to discriminate the six main clades of angiosperms.  
 
 
2.5        Summary and conclusion 
 
The CTAB M2 was used in the present study, because it extracted comparably higher 
qualities DNA from the 16 dried commercial CHM samples than the other methods. 
Furthermore, the DNA isolated from four of these samples, A. membranaceus (15 × 3 cm 
root pieces), L. sibiricus 1 (dried leaves from vegetative (rosette-stage) plants), M. 
denudata (flower buds) and M. biondii (flower buds), were subsequently employed in 
downstream processing, i.e. they were successfully digested, labeled and hybridized to 
the SDA. Although the DNA of a few of these samples were clearly degraded, they were, 
nonetheless adequate for target preparation, as evidenced by the clear and representative 
hybridization patterns. 
 
A polymorphism rate of 85.6% was generated from the fingerprinting of the three CHM 
samples, A. membranaceus (15 × 3 cm root pieces), L. sibiricus 1 (dried leaves from 
vegetative (rosette-stage) plants) and M. denudata (flower buds). The hierarchical 
clustering of these dried medicinal herbs conformed to their predicted taxonomical 
relationship as specified in the APG II classification system (2003). Importantly, a 
reference sample of M. biondii was correctly clustered with M. denudata in a separate 
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experiment, indicating this technique may be suitable for fingerprinting of other dried 
commercial CHM samples at the subgenus/species level. 
                                                                                                                                        
Chapter 3 
 
 
 
 
Fingerprinting of dried commercial CHM using the SDA 
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3.1        Introduction 
 
The SDA successfully differentiated the six main clades of angiosperms and generated a 
polymorphism of 68% (Jayasinghe et al., 2007). In the present study, the SDA 
discriminated three CHM species A. membranaceus, L. sibiricus and M. denudata and 
generated a higher polymorphism of 85.6% (see section 2.3.3). Importantly, M. biondii, a 
species from the Magnoliaceae not represented in the initial genomic DNA pool, was also 
differentiated from other closely relative species, M. denudata (see section 2.3.3). 
However, as only two Asterids and Rosids species were employed in the preliminary 
fingerprinting, the accuracy of the SDA is still questionable and needs to be confirmed 
further. 
 
Previous microarray-based technologies for fingerprinting CHM possessed limitations. 
For instance, oligonucleotide microarrays have been used to detect toxic plant species 
(Barthelson et al., 2006) and identify Dendrobium species from Chinese medicinal 
formulations (Zhang et al., 2003).  However, the requirement for sequence information 
for primer design was likely limited this technique for fingerprinting of CHM without 
enough genomic resources. However, this issue could be overcome by using sequence-
independent DNA microarrays e.g. DArT™ and SSH-based array, both of these have 
been used for plant identification (Lezar et al., 2004; Li et al., 2006; Jayasinghe et al., 
2007). However, the previous DArT™ studies had limitations of low polymorphisms, 
SSH-based technique was used only between two species, therefore the SSH was required 
when each time doing target preparation, which was expected to be impractical for 
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fingerprinting more number of species. Also, a major limitation of the majority of these 
previous studies was employed the DNA isolated only from fresh tissues, not from dried 
commercial samples.  
 
The purpose of this study is to determine the accuracy of the SDA using seven CHM 
species, namely A. avicennae, A. membranaceus, C. lachryma-jobi, L. sibiricus, M. 
denudata, P. alkekengi and S. miltiorrhiza (see section 2.2.1). The hierarchical 
dendrograms describing the relationship of the species will be compared with the 
predicted taxonomical relationships of these in the APG II classification system (2003).  
 
 
3.2     Materials and methods 
 
The SDA was constructed by Jayasinghe et al. (2007), the process was described in 
Appendix 3.  
 
3.2.1  Dried commercial CHM samples 
Seven dried commercial CHM samples (Table 3.1), namely L. sibiricus 1 (dried leaves 
from vegetative (rosette-stage) plants), A. membranaceus (15 × 3 cm root pieces), C. 
lachryma-jobi (seeds), M. denudata (flower buds), A. avicennae (seeds), P. alkekengi 
(dried fruits) and S. miltiorrhiza (dried roots) were purchased from Min Wei Huang TCM 
Clinic in Melbourne, VIC, Australia (Appendix 5). Although the Chinese pharmacist 
verified all these specimens (M.W. pers. comm.), the age of these samples, and the 
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manner in which they were processed were uncertain. Fresh leaves from the same species 
were obtained from a reference collection grown in a glasshouse at RMIT University, 
Bundoora campus, VIC, Australia. 
 
3.2.2    Reagents and chemicals 
CTAB, PVP and Chloroform (ANALAR grade), Cot1 DNA, PolyA and Salmon sperm 
DNA were purchased from Sigma™-Aldrich, St Louis, MO, United States. Biotin AluI, 
HaeIII and Decalable™ DNA Labeling Kit were purchased from Fermentas, Ontario, 
Canada. FluroLink™ Streptavidin-labeled Cy™3 dye was purchased from Amersham 
pharmacia, Buckinghamshire, UK. QIAgen™ DNeasy® Plant Mini Kit and QIAgen™ 
Purification Kit were purchased from QIAgen Company, Australia. 
 
3.2.3    Genomic DNA preparation 
Genomic DNA was extracted from fresh leaves and dried commercial CHM samples 
using the CTAB M2 method (see section 2.2.1.7). 
 
3.2.4    Target preparation and DNA hybridization 
To prepare the targets, 1 µg of isolated DNA for each fresh tissue and 1.5 µg of isolated 
DNA for each dried commercial CHM sample was restricted with 5 units of AluI and 
HaeIII (Promega, Madison, WI) at 37ºC overnight, purified with the QIAgen™ QIAgen® 
Purification Kit, and subsequently labeled with Biotin using the DecaLabel™ DNA 
Labeling Kit according to the manufacturers’ guidelines. In the present study, to increase 
the sensitivity of the SDA to obtain more reliable results for the fingerprinting, a higher 
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hybridization temperature of 55°C was employed in this study. In total 6 replicates, 
including three technical replications (three subarrays with the same target) for each of 
the two biological replications (separately synthesized target) were used for each dried 
sample (see appendix 10 and 11). In contrast, three technical replications (three subarrays 
with the same target) for one biological replication were used for each fresh sample. The 
process of hybridization between labeled DNA was and the SDA see section 2.2.3.3.  
 
Table 3.1   Seven CHM species used for the DNA microarray fingerprinting. 
 
Species Common name Family Clade 
A. membranaceus Huang Qi Fabaceae Rosids 
A. avicennae Chinese jute Malvaceae Rosids 
P. alkekengi Winter cherry Solanaceae Asterids 
S. miltiorrhiza Dan Shen Lamiaceae Asterids 
L. sibiricus 1 Motherwort Lamiaceae Asterids 
C. lachryma-jobi Job’s tears Poaceae Monocots 
M. denudata Lily tree Magnoliaceae Eumagnoliids 
 
 
3.2.5    Scanning and data analysis 
Scanning of the arrays was performed using an Affymetrix 428™ Array Scanner (Santa 
Clara, CA. Figure 3.1) at 532 nm and image capture was performed using the 
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Affymetrix® Jaguar™ software v2.0. The data analysis which was detailed in sections 
2.2.3.4 and 2.3.3.5 was modified as follows. Two (or more) flagged technical replicates 
per biological replicate were excluded from the data analysis.  
 
 
Figure 3.1   Photo of the Affymetrix 428™ Array Scanner. 
 
 
Using SPSS 15.0 (SPSS Inc., Chicago, IL), the resulting binary data were examined for 
phylogenetic relationships by constructing a dissimilarity dendrogram. Pearson 
correlation and between-groups linkage hierarchical clustering were applied to study the 
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relatedness between hybridization patterns for individual CHM species. Pearson 
correlation was selected for its capacity to handle binary data, and also because it used to 
analyse previous DArT™ data (Jaccoud et al., 2001). The dendrogram showing the 
phylogenetic relationships of the seven dried herbal species was subsequently compared 
with predicted by the APG II classification system (2003). 
 
 
3.3        Results 
 
The DNA extracted from the fresh and dried commercial CHM tissues were of sufficient 
quality for hybridization with the SDA (Figure 3.3). The absorbance ratios for the DNA 
samples isolated from fresh leaves and dried commercial samples were 1.51-1.88 and 
1.08-1.46 respectively (Table 3.2), indicating that the majority of the DNA samples 
contained impurities. However, these did not appear to interfere with the double-digestion 
of DNA (Figure 3.2). The clear hybridization patterns (Figure 3.3) produced indicated 
that labeling and hybridization were successful. 
 
224 (60.4%) and 223 (59.6%) consistent features were generated from the hybridizations 
of fresh and dried CHM respectively, with 197 and 187 of these features being positive 
and scored as “1”. The remaining 150 (40.1%) and 153 (39.9%) features were 
Polymorphic and contributed to the hierarchical clustering of fresh and dried samples 
respectively. 
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Table 3.2   Quantification of seven DNA samples using the CTAB M2. 
 
 Dried commercial samples Fresh leaves 
Species A260/280 Concentration 
(ng/µL) 
Total (µg) A260/280 Concentration 
(ng/µL) 
Total (µg) 
A. membranaceus 1.77±0.01 185±29.1 18.5±2.9 1.88±0.02 1328.3±109.9 132.8±11.0 
C. lachryma-jobi 1.30±0.04 60.5±9.3 6.1±0.9 1.77±0.00 138.8±1.0 13.9±0.1 
L. sibiricus 1 1.36±0.04 98.3±13.3 9.8±1.3 1.68±0.00 62.5±0.0 6.3±0.0 
M. denudata 1.08±0.03 137.3±10.9 13.7±1.1 1.70±0.03 95.8±31.3 9.6±3.1 
P. alkekengi 1.26±0.11 60.0±24.8 6.0±2.5 1.51±0.10 247.0±10.2 24.7±1.1 
S. miltiorrhiza 1.29±0.01 307.5±3.1 30.8±0.3 1.62±0.01 745.5±4.3 74.6±0.4 
A. avicennae 1.18±0.00 292.5±7.4 29.3±0.8 1.77±0.01 74.8±1.0 7.5±0.1 
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Figure 3.2  Agarose gel of DNA extracted from various species of CHM after double digestion 
using AluI and HaeIII. 
A. Fresh leaf samples. B. Dried commercial CHM samples. 
Lanes: L: 1kb ladder; 1. C. lachryma-jobi; 2. P. alkekengi; 3. A. avicennae; 4. S. miltiorrhiza; 5. 
A. membranaceus; 6. L. sibiricus; 7. M. denudata. 
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Figure 3.3   Hybridization patterns of the pre-constructed SDA using isolated DNA. 
A: C. lachryma-jobi; B. A. avicennae; C. L. sibiricus; D. M. denudata; E. S. miltiorrhiza; F. P. alkekengi; G. A. membranaceus. 
Line L. Using DNA extracted from fresh CHM materials; Line R. Using DNA extracted from dried commercial CHM materials. 
Line L: Using DNA extracted from fresh CHM materials; Line R; Using DNA extracted from dried CHM materials. 
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Figure 3.3 Continued  
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Forty-four features were species-specific based on the hybridizations of the dried 
commercial CHM. Compared with other species, the highest number (18) of features 
was found specific for M. denudata (Figure 3.4), ten, six and four features were 
specific for A. membranaceus, A. avicennae, S. miltiorrhiza respectively. In contrast, 
the lowest number (3) of features was specific for P. alkekengi and C. lachryma-jobi 
rsepectively (Figure 3.4). Furthermore, in total 57 features were specific for two 
species, 37 of these were specific for C. lachryma-jobi and M. denudata. 
Additionally, ten, four and three features were specific for A. membranaceus and A. 
avicennae, S. miltiorrhiza and M. denudata and A. membranaceus and P. alkekengi 
respectively. Another three were specific for A. avicennae and L. sibiricus, A. 
avicennae and P. alkekengi, and P. alkekengi and M. denudata respectively. All these 
polymorphic features may be suitable for rapid fingerprinting of these CHM species. 
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Figure 3.4  Number of features that were specific for two species. 
 
A. C. lachryma-jobi and M. denudata; B. A. membranaceus and A. avicennae; C. S. miltiorrhiza 
and M. denudata; D. A. membranaceus and P. alkekengi; E. A. avicennae and L. sibiricus; F. A. 
avicennae and P. alkekengi; G. P. alkekengi and M. denudata. 
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A  
 
 
C. lachryma-jobi 
M. denudata 
A. membranaceus 
A. avicennae 
L. sibiricus 
P. alkekengi 
S. miltiorrhiza 
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M. denudata 
C. lachryma-jobi 
 
 
 
Figure 3.5   Hierarchical dendrogram of individual medicinal herbs (A. dried commercial herbs; 
B. Fresh samples) using signal intensity mean with threshold ratio 2.0. The steps of the 
dendrogram show the combined clusters and the values of the distance coefficients at each step; 
the values have been rescaled to numbers between 0 and 25, preserving the ratio of the distances 
between the steps.    
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The hierarchical clustering generated from the fingerprinting of dried materials (Figure 
3.5) conformed to the predicted taxonomical relationships of these species in the APG II 
classification system (2003). According to the results (Figure 3.5A), the species 
belonging to Rosids (A. membranaceus and A. avicennae) clustered together, as did the 
species representing the Asterids (L. sibiricus, P. alkekengi and S. miltiorrhiza), while the 
species from Monocots (C. lachryma-jobi) and the species representing the Eumagnoliids 
(M. denudata) grouped together (Figure 3.5A). The species from Rosids and species 
belonging to Asterids were closely related while the other two species were more distant 
(Figure 3.5A). Importantly, the species from the Lamiaceae family (S. miltiorrhiza and L. 
sibiricus), displayed a closer relationship with each other than P. alkekengi, which 
belonged to the Solanaceae family (Figure 3.5A). However, the hierarchical dendrogram 
generated from the fresh samples deviated slightly from the expected taxonomical 
relationships. This is because A. membranaceus was not clustered with A. avicennae, but 
has closer to P. alkekengi (Figure 3.5B). Therefore, the discrimination of the SDA was 
efficient for the fingerprinting of dried commercial CHM but may be less efficient for 
fresh samples. 
 
 
3.4     Discussion 
 
The SDA correctly clustered the seven CHM species using the DNA isolated from dried 
commercial CHM, but there was a small discrepancy in the case of the fresh samples. 
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This technique generated high polymorphisms of 39.9% and 40.1% from the 
fingerprinting of the dried commercial and fresh samples respectively.  
 
3.4.1   Array design and data collection methodology 
The present study employed an improved sub-array pattern and a new data collection 
method for improving the sensitivity of the SDA. Firstly, a new sub-array (32 × 12) 
pattern with a shorter row distance and more replicates was used to replace the original 
configuration (48 × 8 with two technical replicates; see section 2.2.3.3), was expected to 
improve the reliability of the experimental results by decreasing the errors caused by 
physical variation. Secondly, the new data collection method, which increased the 
number of features for data analysis, was expected to lead to a more reliable result. 
According the results, 376 ‘good’ features were generated from the fingerprinting of the 
fresh CHM species using the improved method, in contrast, only 304 ‘good’ features 
were obtained using the original method. Additionally, 150 polymorphic features were 
produced based on the present method, which was much higher than the 116 generated 
from the original method. Therefore, these improvements appear to have increased 
accuracy and reduced the influences from physical variation in the SDA and bias due to 
methodology. 
 
3.4.2    Restriction enzymes  
As the different restriction enzymes used in previous DArT™ and SSH-based studies 
may result in varied polymorphisms even in the same species (Wenzl et al., 2004; Xia et 
al., 2005), the selection of endonucleases may be important for array-based techniques, 
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especially for the DArT™. Previous DArT™ studies normally compared restriction 
enzyme sets in order to choose an appropriate one for further studies. For instance, Xia et 
al. (2005) used combinations of PstI and BstNI, ApoI and TaqI to restrict a mixture of 
genomic DNA from 22 cassava genotypes. The PstI/TaqI and PstI/BstNI produced higher 
polymorphisms of 14.6% and 17.2%, and were used to develop an array containing 
approximately 1,000 polymorphic clones. Yang et al. (2006) developed a DArT™ for 
pigeonpea and its relatives, based on a comparison using PstI and one of the following 
frequent cutting restriction endonucleases: ApoI, AluI, BstNI, BanII, TaqI, MseI, RsaI, 
BsoBI, Bsp1286I and HaeIII. Only the PstI/HaeIII representation was free from 
observable bands and produced the highest polymorphism of 19.8%, therefore, these 
enzymes were selected for further study. Akbai et al. (2006) tested PstI and MseI, RsaI, 
BstNI and TaqI for wheat and barley in DArT™ fingerprinting. PstI/TaqI was chosen for 
generating a library because it had the highest polymorphism level of 9.4%. Furthermore, 
Mace et al. (2008) digested DNA samples from eight Sorghum genotypes with PstI/TaqI, 
PstI/MseI, PstI/ApoI, PstI/AluI, PstI/BanII, PstI/BstNI and PstI/AflIII (Table 4.4). Smears 
without dominant bands were displayed on gel when PstI/BanII was employed, indicating 
a larger number of unique sequences was generated than in the other representation. 
However, a major limitation of these studies was that the comparison of enzymes was a 
time- and cost- consuming process. 
 
In this study, the restriction endonucleases AluI and HaeIII, which recognize 4-bp 
sequences ag|ct and gg|cc respectively, were used to produce polymorphic sequences for 
target preparation. Using this method a sufficient number of polymorphic sequences were 
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generated, as evidenced by the production of smears without dominant bands (Figure 3.3) 
and the correct clustering of the seven CHM species.  
 
The use of AluI and HaeIII is likely to have produced a number of benefits when 
compared with restriction enzymes that recognize 6-bp sequences.  Considering that these 
restriction enzymes can recognize 4-bp sequences, could be expected to have generated 
more sequences than restriction enzymes that recognize 6-bp sequences. For example, 
since there are a large number of agct repeats in plants, for instance the agct sequence is 
the most common tetra-nucleotide repeat in Sorghum (Jayashree et al., 2006), it could be 
expected that AluI would produce more polymorphic sequences than a 6-bp sequence 
recognization restriction enzyme such as PstI, which is a popular enzyme used in 
previous DArT™ studies. This is a likely reason why the SDA generated a comparably 
higher polymorphism compared with previous DArT™ studies. In addition, the use of the 
frequent cutter generated small DNA fragments that were well amplified, in contrast, the 
number of fragments able to be amplified would have been reduced by using the rare 
cutter, and subsequently this would have limited the number of selective nucleotides 
available for selective amplification. Therefore, using the frequent cutter is likely to have 
resulted in more polymorphism. Also, using an appropriate enzyme combination, which 
resulted in more complex genomic sequences, is likely to have allowed us to generate 
more markers and reduce redundancy. This combination of factors suggests that the 4-bp 
restriction endonucleases AluI and HaeIII may be more suitable for SDA fingerprinting 
of dried samples than the 6-bp restriction enzymes in popular use. 
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3.4.3    Normalization  
There are several experimental factors that may adversely affect a DNA microarray, such 
as physical variations between slides or within a slide, bias in dye labeling and scanning 
properties e.g. intensity gain (Carole et al. 2004; Sasik et al. 2002). Normalization is a 
method that attempts to remove such variations which can affect the results. The majority 
of previous studies which employed two probes-based arrays, such as cDNA microarrays, 
generally used normalization to correct variations caused by technical and biological 
factors.  
 
In this study, normalization of data was not performed in the data analysis for the 
following reasons. Firstly, the SDA used DNA not RNA for target preparation, so the 
signals of features was expected to be more consistent. Secondly, as the average of signal 
to background ratios of six technical replicates was used for clustering CHM, the 
influence on the average ratios due to physical variations was expected to be minimized. 
Thirdly, the SDA used a single-target system which does not rely on the comparison of 
signals of features labeled using two dyes, therefore bias due to variation in the quality of 
different samples was expected to be lower. In addition, single-target systems tend to be 
less sensitive to variation from a range of sources compared with two-probe systems. 
Consequently, normalization was not expected to confer a significant benefit on the 
outcomes of this study. Also, the results demonstrated that the analysis methodology used 
in this study was efficient for correctly clustering the dried commercial CHM samples. 
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For fingerprinting closely related CHM at the species level using the SDA normalization 
methods may be necessary. In such cases, a much lower number of polymorphic features 
would be expected, so physical variations between sub-arrays or slides may be sufficient 
to affect the results. Furthermore, different normalization procedures could result in 
different expression data. So not only should normalization be considered in future 
studies which employ closely related species, but also normalization methods appropriate 
for use in single-target systems need to be developed.  
 
3.4.4    Negative features  
Of the 376 “good” features that were generated from the hybridizations of fresh samples, 
27 (7.2%) displayed negative signals. In contrast, 36 (9.6%) of the 374 “good” features 
were negative for dried CHM samples. Twenty-six of these negative features were found 
to be consistent for all hybridizations (i.e. both dried and fresh samples). The features 
classified as negative may, however, possess a hybridization signal, but were not 
classified as positive according to the strict data analysis methodology used, i.e. they 
were scored as “0” because their signal to background ratios were less than two.  
 
The number of negative features generated from this study was much lower than that 
reported by Jayasinghe et al. (2007). In that study, pooled genomic DNA was used to 
prepare targets for differentiating the six main clades in angiosperms, which resulted in a 
comparably higher number of 91 negative features. The difference between these 
numbers may have been caused by a “dilution effect”. As the sensitivity of the SDA was 
limited to detecting only sequences those are highly common to all angiosperm genomes 
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in the initial pool. This created a “dilution effect” that resulted in low-frequency 
sequences remaining undetected when the targets of the six clades were hybridized with 
the SDA (Jayasinghe et al., 2007). However, in the present study, targets were prepared 
using the genomic DNA isolated from CHM samples, not pooled DNA, so the influence 
caused by any ‘dilution effect’ should be minimized, and some low-frequency sequences 
of features were expected to be detected. Consequently, the number of negative features 
detected was considerably lower in this study. 
 
3.4.5   Polymorphism  
The SDA generated polymorphisms of 39.9% and 40.1% for fingerprinting the dried and 
fresh CHM respectively, which were comparably higher than polymorphisms of between 
3% and 27% as reported in previous DArT™ studies (Jaccoud et al., 2001; Lezar et al., 
2004; Xia et al., 2005; Wenzl et al., 2004). However, since most of these studies aimed to 
identify or investigate the relationships between closely related species from the same 
family, it may not be appropriate to directly compare the polymorphism rates between 
this and previous studies.  
 
The polymorphism rates in the present study were much lower than the 68% reported by 
Jayasinghe et al. (2007) in a comparable study. Methodological modifications employed 
in this study including hybridization temperature, data collection method and the re-
design sub-array patterns may have affected the specific binding between probes and 
targets, and subsequently affected the signals of features. Furthermore, for the dried 
commercial CHM samples, the high degree of degradation of the extracted DNA may 
Chapter 3    Fingerprinting of dried commercial CHM using the SDA 
 115 
have resulted in loss of some unique or low copy sequences/genes, and this may 
subsequently have reduced the number of polymorphic features on the SDA. 
Additionally, as unequal numbers of biological replicates were used in the data analysis, 
the polymorphism rate generated from the fresh CHM samples may not be suitable for 
comparison with that of the previous study. 
 
The polymorphism rates were also much lower than the 85.6% reported in the 
preliminary study (see section 2.3.3). This was to be expected since only three CHM 
species were employed in the preliminary study. One belonged to clade Eumagnoliids, 
which has a distant relationship with Asterids and Rosids, so this resulted in a high 
number of polymorphic features. However, CHM samples representing seven species 
were used as materials in this study, five of these were either Asterid or Rosid species. 
Two of these, S. miltiorrhiza and L. sibiricus belonged to the Lamiaceae family. 
Consequently, the number of features that were consistent among the hybridizations was 
increased. In contrast, the number of polymorphic features was decreased and this 
resulted in a comparably lower polymorphism rate. 
 
The polymorphism rate may have been affected by the threshold of signal to background 
ratio that was used for defining positive features. A less stringent threshold for positive 
spots could have improved the sensitivity, but would also have decreased the 
polymorphism rate of the experimental system. For instance, when fresh CHM materials 
were used, only 97 polymorphic features were generated from all hybridizations when a 
lower threshold of 1.8 was imposed, and this also resulted in a lower polymorphism of 
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25.7%. That was why a signal to background ratio of > 2.0, a common standard for 
microarray data acceptance, was used to assess positive signals in the hybridization.  
 
The thresholds used in the SDA study and in previous sequence-independent array 
studies are not suitable for direct comparison. The likely reasons are that these studies 
used different methods or different thresholds to score the ratios, or failed to provide 
threshold information. For instance, previous DArT™ studies used the same threshold of 
2.0 to define “positive” features. However, these studies used a dual-dye system to label 
targets, and used the ratio of Cy3/Cy5 (or Cy3/Cy5) to score features. In contrast, in a 
single-dye system (Cy3) the signal to background ratio is employed, as in the present 
study. Additionally, Li et al. (2004; 2005; 2006) investigated the relationship of 
Dendrobium species using SSH-based arrays, in which DIG was used to label targets. 
Furthermore, spot intensities were not assessed using laser-based scanning. 
Consequently, valid comparisons between the methods used to define the “positive” 
features in different microarray studies cannot be made. 
 
3.4.6   Differences between the hierarchical clustering generated from the 
hybridizations of the fresh and dried CHM samples 
The relationships between species that was generated from the hybridizations (Figure 3.5) 
of the dried CHM samples conformed to the predicted taxonomical relationships 
according to the APG II classification system (2003). However, minor discrepancies were 
found in the case of the fresh CHM samples, such as misclassification of one species i.e. 
A. membranaceus was classified with the Asterids rather than with the Rosids. The focus 
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of this study was on the differentiation of dried samples. It was expected that the fresh 
samples, which were used for comparison, would yield more accurate results than the 
dried since the fresh DNA should produce more polymorphic sequences.  
 
Methodological differences in the processing of the fresh and dried samples may be the 
main reason for the variations in the dendrograms between the fresh and dried CHM 
samples. One difference was the quantity of DNA used for target preparation (1 µg DNA 
isolated from the fresh samples, 1.5 µg DNA isolated from dried samples), but this was 
not likely to have affected the results. According to a preliminary fingerprinting, 1.5 µg 
was the minimal quantity of DNA that was used for target preparation for the dried 
commercial CHM (Appendix 4). Also, to maintain the same level of polymorphism, the 
quantity of DNA for target preparation was expected higher than that for the fresh 
samples because DNA degradation may eliminate the unique or low copy number 
genes/sequences. Therefore, the difference between the quantities of DNA for target 
preparation was not likely as the main reason lead to the variations. The more likely 
reason was the unequal numbers of biological replicates that were used for statistical 
analysis. Two biological replicates were used to investigate the relationships between the 
dried commercial CHM samples whereas only one was used for the fresh CHM samples. 
Therefore, for the fresh CHM samples, the lack of biological replicates was not able to 
compensate for any unexpected variations in the samples, most probably in the A. 
membranaceus sample. This could have lead to the variation in the relationship between 
species in the dendrogram for the fresh samples. 
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In this study, the SDA was used to discriminate species that belonged to different 
families, as well as some at the species level. However, it is not appropriate to directly 
compare the discrimination level of this SDA with those of previous array-based 
techniques. The likely reasons are that the fingerprinting was performed at different 
levels, or was used to discriminate different type samples. For instance, oligonucleotide 
(Zhu et al., 2008) and DNA microarrays (Zhang et al., 2003) have been used to 
fingerprint dried CHM representing closely related species, using probes that were 
synthesized and amplified according to the species-specific regions, respectively. In 
contrast, the SDA was used to discriminate species that belonged to different families, as 
well as some at the species level. In addition, other array-based techniques e.g. DArT™ 
and SSH-based arrays have not been used for the discrimination of dried commercial 
CHM. For example, the previous DArT™ studies were used to study polyploid species 
e.g. wheat (Wenzl et al., 2006; Wenzl et al., 2007), and the previous SSH-based arrays 
were used to investigate the phylogenetics of the Dendrobium species using fresh leaves 
(Li et al., 2004; Li et al., 2006). Therefore, it is not possible to make valid comparison 
between the discrimination levels obtained in both the previous and the present study.  
 
 
3.5        Summary and conclusion 
 
The SDA successfully and correctly clustered seven dried commercial CHM samples in 
the present study. One microgram of DNA isolated from the fresh CHM samples and 1.5 
µg of degraded DNA isolated from the dried commercial materials were directly used for 
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target preparation, and subsequently hybridized with probes spotted on the GAPS II 
slides at 55ºC overnight. Based on an improved SDA, seven CHM species, namely L. 
sibiricus, A. membranaceus, C. lachryma-jobi, M. denudata, A. avicennae, P. alkekengi 
and S. miltiorrhiza, were discriminated. The dendrograms generated from the 
hybridizations of dried CHM conformed to the predicted taxonomical relationship of 
APG II classification system (2003). In the case of the fresh CHM samples, which were 
used for comparison only, there was an unexpected misclassification of one species. The 
most likely reason was the lack of biological replication. This indicates that even when 
the DNA sample is expected to be of high quality, at least two biological replicates 
should be used to control for unpredictable sources of error. In the case of the dried CHM 
samples, this study demonstrated that the methodology used was able to produce accurate 
differentiation at the level of species even when degraded DNA derived from dried 
commercial CHM samples was used.  
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4.1        Introduction 
 
The SDA successfully discriminated the dried commercial samples including the closely 
related species, M. denudata and M. biondii in the experiments discussed previously (see 
sections 2.3.3 and 3.4). The polymorphic features identified may be suitable for the rapid 
discrimination of these species in future studies. However, the sequences of these features 
were unknown. It would be desirable therefore, to establish the identity of the 
polymorphic sequences, and to calculate the redundancy of the probes for the SDA.  
 
According to the available literature (Table 4.4), six of the previous microarray studies 
provided their sequencing results. For example, James et al. (2008) reported that the 
sequences of some features were matched to genes e.g. “GGPP synthase”, “carbohydrate 
transporter, biotin synthase” and possible retrotransposons. Nouzová et al. (2001) 
described 32 sequences that obtained matches e.g. retroelements, and genes namely 
“NADH oxidoreductase” and “RNA polymerase”, etc. These results indicated that gene- 
and retrotransposon-based probes may be used for plant fingerprinting.  
 
The objective of this study is to sequence the subtracted DNA clones spotted as features 
on the SDA, and determine their identities according to the distributions of the sequences. 
Therefore, 152 of 376 features (control was excluded) were randomly selected (see 
appendix 6) and sequenced. The best match of each sequence will be subsequently 
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detailed in this Chapter. Furthermore, a comparison of the redundancy and polymorphism 
rate between the SDA and DArT™ studies will be subsequently described. 
 
 
4.2        DNA sequencing and data analysis 
 
4.2.1     Materials 
T7 and SP6 primers were purchased from Clontech, United States. BigDye™ Terminator 
chemistry was obtained from Applied Biosystems, Australia. Taq DNA polymerase was 
purchased from Invitrogen Life Technologies, Carlsbad, Canada. 
 
4.2.2  Methods 
DNA clones with inserts of between 250 bp and 1000 bp were amplified by PCR reaction 
in a 25-µL system as follows: 2.5 µL of 10 × PCR buffer, 0.5 µL of deoxy-nucleoside 
triphosphate (dNTP) mix (10 mM of each dNTP), 1.25 µL of 50 mM MgCl2, 0.5 µL of 
10 µM T7 primer (Clontech, USA), 0.5 µL of 10 µM SP6 primer (Clontech, USA), 0.125 
µL of Taq DNA polymerase (Invitrogen Life Technologies, Carlsbad, CA). The 
amplification program began with an incubation at 94ºC for 4 minutes, followed by 35 
cycles of denaturation at 94ºC for 30 seconds, annealing at 45ºC for 30 seconds, and 
extension at 72ºC for 45 seconds, followed by a final extension cycle of 10 minutes at 
72ºC. Subsequently, all amplified products were subjected to single pass sequencing from 
the 5’ end of the vector using BigDye™ Terminator chemistry (Applied Biosystems, 
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Australia) according to the manufacturer’s instructions. Sequencing was conducted by the 
Macrogen Company (World Meridian Venture Centre, Gasan-dong, Geumcheon-Gu, 
Seoul, Korea) and by Micromon DNA Sequencing (Microbiology Department, Monash 
University, Victoria, Australia). 
 
Poor quality sequence reads were removed manually. Each independent DNA sequence 
was generated firstly by deleting the adapter and primer sequences (size of length is over 
50-60 bp). Sequencing information of clones were subsequently performed using Blastx 
and Blastn by comparing each sequence with existing entries in the SwissProt® and 
SpTrEMBL® databases. Database hits were ranked by the Expectation (e) value. A hit 
was regarded as a “significant match” to the input sequence if e ≤ 1×10-10. DNA 
sequences were regarded as a “good” match if the E value was in the range 1×10-5 ≥ e > 
1×10-10 or a “poor” match when 0.02 ≥ e > 1×10-5. DNA sequences were characterized as 
“unknown” if E values were less than 0.02. To determine the redundancy of probes on the 
SDA, sequences with over 99.5% homology were considered as identical sequences. 
These highly homologous sequences were subsequently compared using ClustalW 
(Biomanager TM 2.0, Australian National Genomic Information Service, University of 
Sydney, NSW).  
 
The polymorphic features were determined by comparing the signals of the same features 
in the hybridizations of the dried commercial CHM. A feature was classified as “non-
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polymorphic” if the signals were consistent for all hybridizations, whereas it was 
classified as “polymorphic” if the signals varied. 
 
 
4.3 Results 
 
The sequences’ matches with the existing databases using Blastn were detailed in 
appendix 7. The functional characterizations (Blastx) of the sequences were performed in 
the following sections. 
 
4.3.1     DNA sequences  
Of the 152 randomly selected clones, PCR amplification revealed insert sizes ranging 
from 250 to 1000 bp. After single-pass sequencing, two poor-quality sequence reads were 
removed, and the overall sequencing success rate was 99%. 150 individual sequences 
were ranged in size 147 to 880 bp, with 115 being less than 500 bp, and other 35 were 
over 500 bp. 
 
106 individual sequences (70.6%) possessed “significant matches” in the SwissProt® and 
SpTrEMBL® databases. Distribution of these annotated DNA sequences according to 
similarity level is depicted in Figure 4.1. Thirty of these sequences encoded “genes”, 35 
were “retroelements” and 41 were classified as “putative uncharacterized protein”. In 
total, 150 DNA sequences were divided into five categories according to the descriptions 
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of the database entries (Figure 4.2). Forty DNA sequences (26.7%) were matched to 
“retroelements”, 35 (23.3%) were matched to “genes”, 42 (28.0%) were matched to 
“putative uncharacterized protein”, 12 (8.0%) were classified as “unknown” due to poor 
match, and the remaining 21 DNA sequences (14.0%) obtained “no hits” in the existing 
databases.  
 
81 unique sequences were subsequently identified, giving a redundancy of 1.9 fold (53%) 
for the SDA probe set (Figure 4.2). For these unique sequences, twenty-five were 
“retroelements” (see Appendix 8, Table 2), twenty-two of these sequences encoded 
eleven “genes” (see Appendix 8, Table 3), eighteen were “putative uncharacterized 
protein”, twelve obtained “no hits” and other eight were classified as “unknown”. The 
identities of the individual sequences are detailed in Table 1 to Table 5 of appendix 8. 
 
The sequences of those polymorphic features revealed in the previous fingerprinting (see 
section 3.3) were between 178 and 778 bp. The majority (38) of these were less than 500 
bp, with 35 being between 200 and 400 bp (20 were 200-300 bp, 15 were 300-400 bp), 
two were between 400 and 500 bp, and only one sequence was less than 200 bp. In 
contrast, only six sequences were found over 500 bp long, with four being 500-600 bp, 
one was 600-700 bp and the remaining one was over 700 bp.  
 
Fourteen of species-specific features were sequenced (Table 4.1). Only two of these 
encoded for genes, namely “putative senescence-associated protein (Fragment)” and 
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“putative membrane protein ycf1 (RF1)”. The other twelve sequences were classified into 
three categories, four of these were “significantly” matched to “uncharacterized protein”, 
five were classified as “unknown” and three obtained “no hit” in the databases.  
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Figure 4.1  Distributions of the annotated DNA sequences according to similarity level 
determined by BlastX e value. 
 
 
 
Twenty-one of 57 polymorphic features that were specific for two species (see section 
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to “retroelements”, whereas three encoded “genes”, namely “ATP synthase subunit beta 
(EC 3.6.3.14) (Fragment)”, “Ycf2” and “chromosome chr14 scaffold_63, whole genome 
shotgun sequence”. Furthermore, six sequences obtained “no hit” in the databases, three 
were classified as “putative uncharacterized protein” while the other two were 
“unknown”.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.2    Categories of 151 individual sequences and unique sequences. 
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Thirteen clade-specific features reported by Jayasinghe et al. (2007) were sequenced 
(Table 4.3). Sequences of eight of these features (61.5%) obtained matches in the 
databases, with four of them obtaining “significant” matches to “retroelements” whereas 
another one had a “good” match. One sequence was “poorly” matched to “polyphenolic 
adhesive protein 1-like protein” while other two were “significantly” matched to 
“putative uncharacterized protein”. Furthermore, three sequences were classified as 
“unknown” whereas the remaining two obtained “no hits” in the databases. In addition, 
nine features that were consistent for both non-angiosperms and angiosperms (Jayasinghe 
et al., 2007) were sequenced. Sequences of these features were “significantly” matched to 
the accessions in the databases, one of them encoded the gene “ATP synthase subunit 
beta (EC 3.6.3.14) (Fragment)”, four were matched to “ORF64d” while the other four 
were “putative uncharacterized protein”.  
 
4.3.2   Identities of individual sequences 
4.3.2.1   Retroelements in the SDA 
The sequences of 40 features were matched to “retroelements” (Appendix 8, Table 2). 
The majority of these (87.5%) had “significant” matches, other four obtained “good” 
matches while the remaining one was a “poor” match. All the sequences were divided 
into ten sub-categories, namely “polyprotein”, “polyprotein 3'-partial (putative, 
Fragment)”, “Gag-pol protein”, “retrotransposon protein, putative, Ty3-gypsy subclass, 
expressed”, “putative polyprotein”, “retrotransposon protein, putative, Ty1-copia 
subclass” and “putative retroelement”, “putative retroelement integrase”, etc.  
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Table 4.1     Identities of the sequences of the species-specific features. 
Clone Length 
(bp) 
Specific to species Matching Entry 
(in SwissProt + SpTrEMBL) 
Description E Value 
A29 271 A. membranaceus File contains no hits 
A235 194 A. membranaceus Q4CS36_TRYCR Putative uncharacterized protein. Unknown 
A138 220 A. membranaceus File contains no hits 
A106 292 A. avicennae B2EAE1_BIFAN Sortase family protein. Unknown 
A18 225 C. lachryma-jobi Q58MG0_BPPRM Putative uncharacterized protein. Unknown 
A28 221 M. denudata A7T7N0_NEMVE Predicted protein (Fragment). 3×10-13 
A23 425 M. denudata Q9UI23_HUMAN PRO0529 (HCG1780467). Unknown 
A13 255 M. denudata File contains no hits 
A50 249 M. denudata Q3HKA5_TOBAC Putative uncharacterized protein. 3×10-10 
A44 432 M. denudata Q9AVH2_PEA Putative senescence-associated protein 
(Fragment). 
2×10-68 
A159 360 M. denudata Q5M9Y6_TOBAC Putative uncharacterized protein orf214. 1×10-52 
A156 321 M. denudata YCF1_GOSHI Putative membrane protein ycf1 (RF1). 4×10-18 
A152 232 M. denudata A8P6U5_BRUMA Putative uncharacterized protein 
(Fragment). 
1×10-12 
B214 320 S. miltiorrhiza Q2TYZ8_ASPOR Predicted protein. Unknown 
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Table 4.2     Identities of the sequences of the species-specific features (specific for two species). 
Clone Length (bp) Specific to species Matching Entry 
(in SwissProt + 
SpTrEMBL) 
Description E Value 
A43 338 A. membranaceus and A. avicennae A7SHI0_NEMVE Predicted protein. Unknown 
B132 
558 A. membranaceus and A. avicennae Q9XQZ3_9MAGN ATP synthase subunit beta (EC 3.6.3.14) 
(Fragment) 
4×10-98 
A16 338 A. membranaceus and A. avicennae A7SHI0_NEMVE Predicted protein. Unknown 
B53 569 A. membranaceus and A. avicennae Q8LNK7_ORYSJ Putative retroelement. 1×10-14 
A113 401 P. alkekengi  and M. denudata A5BK92_VITVI Putative uncharacterized protein. 2×10-44 
A20 309 C. lachryma-jobi and M. denudata A7WLR0_VIBAN Transposase IS630 (Fragment). 8×10-8 
A21 249 C. lachryma-jobi and M. denudata File contains no hits 
A89 292 C. lachryma-jobi and M. denudata File contains no hits 
A17 274 C. lachryma-jobi and M. denudata Q0KIP3_SOLDE Polyprotein, 3'-partial, putative (Fragment). 1×10-31 
A6 292 C. lachryma-jobi and M. denudata File contains no hits 
A39 274 C. lachryma-jobi and M. denudata Q09JM0_ARGMO Putative polyprotein, identical. 1×10-36 
A4 216 C. lachryma-jobi and M. denudata A6YA57_9MAGN Ycf2. 4×10-36 
A49 236 C. lachryma-jobi and M. denudata Q3HKA5_TOBAC Putative uncharacterized protein. 5×10-19 
Continued on the next page. 
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Table 4.2     Identities of the sequences of the species-specific features (specific for two species, continued from page 130). 
Clone Length (bp) Specific to species Matching Entry 
(in SwissProt + 
SpTrEMBL) 
Description E Value 
B70 395 C. lachryma-jobi and M. denudata A5AQZ7_VITVI Putative uncharacterized protein. 9×10-20 
B79 292 C. lachryma-jobi and M. denudata File contains no hits 
A124 292 C. lachryma-jobi and M. denudata File contains no hits 
B113 353 C. lachryma-jobi and M. denudata Q0KIP3_SOLDE Polyprotein, 3'-partial, putative (Fragment). 2×10-26 
A109 292 C. lachryma-jobi and M. denudata File contains no hits 
A189 319 C. lachryma-jobi and M. denudata Q6L3M7_SOLDE Gag-pol protein, putative. 2×10-40 
A247 389 C. lachryma-jobi and M. denudata A7Q8B9_VITVI Chromosome chr14 scaffold_63, whole 
genome shotgun sequence. 
5×10-21 
B190 778 C. lachryma-jobi and M. denudata B1N668_SOLLC Copia LTR rider. 3×10-29 
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Table 4.3      Identities of the sequences of clade-specific features in the previous study (Jayasinghe et al., 2007). 
 
Clone Length 
(bp) 
Specific to clades Matching Entry 
(in SwissProt + SpTrEMBL) 
Description E Value 
A138 220 Asterids File contains no hits 
B94 880 Asterids B1N668_SOLLC Copia LTR rider. 3×10-28 
B78 178 Asterids Q0WLP3_ARATH Putative uncharacterized protein. 1×10-25 
A17 274 Asterids Q0KIP3_SOLDE Polyprotein, 3'-partial, putative (Fragment). 1×10-31 
A18 225 Monocots           Q58MG0_9CAUD Putative uncharacterized protein. Unknown 
B64 482 Monocots A5AZ88_VITVI Putative uncharacterized protein. 9×10-44 
A31 300 Monocots AYXM6_9ALVE Polyphenolic adhesive protein 1-like protein. 0.0002 
B102 176 Monocots File contains no hits 
B175 383 Monocots Q2R2I2_ORYSJ Retrotransposon protein, putative, Ty1-copia 
subclass. 
5×10-23 
B266 320 Monocots Q2TYZ8_ASPOR Predicted protein. Unknown 
A43 338 Monocots A7SHI0_NEMVE Predicted protein. Unknown 
B252 452 Rosids Q5MG92_IPOBA Putative retrotransposon polyprotein. 1×10-5 
B113 353 Rosids Q0KIP3_SOLDE Polyprotein, 3'-partial, putative (Fragment). 2×10-26 
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The majority (82.5%) of the features based on these sequences were non-polymorphic, 
with only 7 being polymorphic. ClustalW revealed that less than 50% consensus were 
found among the sequences of the features A17, A20, A189, B113 and B190, all of these 
displayed negative signals for hybridizations with C. lachryma-jobi and M. denudata. 
Feature A24 displayed negative signals for hybridizations with P. alkekengi, M. denudata 
and C. lachryma-jobi, and B53 was specific (positive signals) for A. avicennae and A. 
membranaceus. These polymorphic features were useful for the fingerprinting of the 
dried commercial CHM in the present study. 
 
4.3.2.2     Genes 
The majority of the features (85.7%) based on the identified genes were non-
polymorphic, with only five were polymorphic. The signals of feature B75 were positive 
for hybridization with A. avicennae. The feature A4 displayed negative signals for 
hybridizations with C. lachryma-jobi and M. denudata, whereas those of features A44 
and A156 were negative for hybridization with M. denudata, and those of feature A247 
were negative for C. lachryma-jobi and M. denudata.  
 
4.3.2.3      Putative uncharacterized protein 
The sequences of 42 features were matched to “putative uncharacterized proteins” 
(Appendix 8, Table 4), with 41 of these being defined as “significant” matches, one as a 
“good” match (Appendix 8, Table 4). However, only 14 of these were polymorphic. 
ClustalW revealed that there was less that 50% consensus among the sequences of 
features A25, A49 and B70, all of these features displayed negative signals for 
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hybridizations of species C. lachryma-jobi and M. denudata. Also, less than 50% 
consensus was revealed among the sequences of features A50, A152 and A159, but all 
features were specific (negative signals) for M. denudata. Furthermore, the sequence of 
feature A146 was a part of the identical sequences of features, A171 and A187. The 
sequences of feature A146 also revealed 9 nucleotide variations compared with another 
pair of identical sequences of features, A117 and A164. The signals of these features 
were negative for hybridizations with S. miltiorrhiza, C. lachryma-jobi and M. denudata. 
Additionally, the signals of feature B73 were negative hybridizations with A. avicennae, 
L. sibiricus and S. miltiorrhiza, those of feature A113 were negative for P. alkekengi and 
M. denudata, while feature B78 displayed positive signals for the hybridizations with A. 
avicennae, A. membranaceus and P. alkekengi.  
 
4.3.2.4     Unknown 
The sequences in twelve features were classified as “unknown” because their E values 
were over 1 × 10-2 (Appendix 8, Table 5). Six of these features were polymorphic. The 
sequences of features A16 and A43 were identical, and the signals of both these features 
were positive hybridizations with A. avicennae and A. membranaceus. The signals of 
feature A18 were negative hybridizations with C. lachryma-jobi. Feature A23 displayed 
negative signals for the hybridizations with M. denudata, these of feature A106 was 
negative except A. avicennae, while the signals of feature A235 were positive 
hybridizations with A. membranaceus.  
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4.3.2.5   Sequences obtaining no hit in the databases 
The sequences of twenty-one features obtained “no hit” in the databases (Appendix 8, 
Table 1). The sequences of five features A6, A89, A109, A124 and B79 were identical, 
and all these features displayed negative signals for the hybridizations of C. lachryma-
jobi and M. denudata. The sequences of features A29 and A138 had less than 50% 
consensus, but both features were specific (positive signals) for hybridization with A. 
avicennae. Additionally, these of feature B52 were negative for hybridizations with L. 
sibiricus, C. lachryma-jobi and M. denudata. The signals of feature A13 were negative 
only for the hybridization with M. denudata, those of feature B32 were positive for 
hybridizations with A. avicennae and P. alkekengi, while those of feature A21 were 
negative only for hybridizations with A. membranaceus, C. lachryma-jobi and M. 
denudata.  
 
 
4.4        Discussion 
 
The sequences of 150 individual features were divided into five categories according to 
the descriptions of the database entries (Figure 4.2), namely “retroelements”, “genes”, 
“putative uncharacterized protein”, “unknown” and “no hits”. After accounting for 
identical sequences, 81 unique sequences were identified. In total, 43 sequenced 
polymorphic features that may be used as probes for rapid fingerprinting in future studies. 
In the following sections, the sequences of the polymorphic features and redundancy 
levels of the probes will be discussed. 
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4.4.1    Sequences of the polymorphic features 
According to the results, features based on sequences less than 400 bp (shorter 
sequences) in size were more polymorphic than those of features that based on sequences 
over 400 bp. For example, features based on sequences ranging from 200-300 bp and 
300-400 bp were 52.6% and 31.8% polymorphic, respectively (Figure 4.3). In contrast, 
lower polymorphism rates of 8.0%, 23.5%, 7.7% and 20% were obtained for features 
which were based on sequences ranging in sizes from 400-500 bp, 500-600 bp, 600-700 
bp and 700-800 bp respectively (Figure 4.3). A possible reason why the polymorphism 
rates amongst the longer sequences were lower was they were likely to require longer 
mismatches to achieve a similar level of discrimination compared with the shorter 
sequences. For instance, Hughes et al. (2001) reported that 60-mer oligonucleotides may 
underestimate the specificity achieved among closely related species, because they 
require a larger number of mismatches than shorter sequences e.g. 25-mer 
oligonucleotides. Compared with the oligonucleotide microarrays, cDNA microarrays are 
less sensitive to single base pair changes in the probe sequence due to their longer length 
(200-1500 bp), and are more open to cross-hybridization (i.e. gene families) (Mah et al., 
2004). Therefore, the shorter DNA sequences of the features in the SDA were likely to be 
more sensitive to the mismatches than the longer sequences, this was confirmed by the 
comparably higher polymorphism rates that were generated from the features containing 
shorter sequences (Figure 4.3). Therefore, for constructing a new subtracted genome pool 
using the SSH in a future study, the clones that contain the shorter sequences are 
expected to contribute higher polymorphism rates than the other clones. Therefore these 
need to be considered for selection, and subsequently spotted as probes. 
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4.4.1.1     Retroelement-based probes 
4.4.1.1.1    Structure of the retroelement  
Retrotransposons transpose via an RNA intermediate that is reverse transcribed into 
extrachromosomal DNA, and inserted into the genome by the encoded reverse 
transcriptase RNaseH and integrase enzymes (Kumar and Hirochika, 2001). 
Retrotransposons are sub-classed into two main groups of retrotransposons in plants – 
long terminal repeat (LTR) retrotransposons (also defined as retroelements) and non-LTR 
retrotransposons (Appendix 8, Casacuberta and Santiago, 2003). LTR retrotransposons 
are sub-classed into Ty1-copia-like and Ty3-gypsy-like retroelements, which are 
constructed of LTRs and Gag-Pro-Pol polyproteins and are separated by a primer 
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Figure 4.3    Comparison of the frequency of polymorphism for features 
Sequences’ size 
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binding site (PBS) and a polypurine tract (PPT) (Feschotte et al., 2002). The PBS is a 
short sequence adjacent to the 5′ LTR, the PPT is located upstream of the 3′ LTR, and 
both of them are important for element replication (Casacuberta and Santiago, 2003). 
Ty1-copia group and Ty3-gypsy like retrotransposons appear to be broadly distributed 
among plants (Casacuberta and Santiago, 2003; Friesen et al., 2001; Shcherban et al., 
2001). However, non-LTR retrotransposons have no long terminal repeats and possess a 
poly(A) tail which defines the 3’ terminus of the element, which is divided into two sub-
classes, long interspersed nuclear elements (LINEs) and short interspersed nuclear 
elements (SINEs). LINEs contain a gag protein, endonuclease (EN) and reverse 
transcriptase (RT) domains (Appendix 8, Casacuberta and Santiago, 2003).  
 
4.4.1.1.2    Function of each subunit of the retroelement  
Each subunit of the retrotransposons plays a role in the plant genome. For LTR 
retrotransposons, Gag-Pro-Pol polyprotein is required in replication and transposition 
processes and encoded by gag, protease (pro) and pol genes. The pro domain encodes 
proteins that are involved in the maturation of other proteins. The pol gene encodes 
reverse transcriptase (RT)/RNaseH (RH) and integrase (IN) proteins. The reverse 
transcriptase genes of the gypsy group elements have conserved amino acid domains 
(Doolittle et al., 1989; Xiong and Eickbush, 1990). The IN domain has roles in the 
enzymatic activity in some retroelement RTs (Trentin et al., 1998; Kirchner and 
Sandmeyer, 1996; Nymark-McMahon and Sandmeyer, 1999). The endonuclease (endo) 
domain encodes proteins that are necessary for the integration of the DNA copy into the 
host genome. The PBS and PPT are important for element replication (Casacuberta and 
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Santiago, 2003). For non-LTR retrotransposons, the RT domain in LINE encodes the 
template. SINEs are thought to use foreign RT domains to achieve their life cycle by 
incorporating their RNA into the cytoplasmic particles of LINEs (Finnegan et al., 1997).  
 
4.4.1.1.3  Retroelement-like probes 
The largest category was that of “retroelements” which included 40 individual sequences. 
This confirmed the high copy numbers of retroelements are present in plant genomes, e.g. 
the Ty1-copia elements and BARE-1 from barley were present in 2×104-105 copies 
(Meyers et al., 2001; Vicient et al., 1999). Therefore, it was not surprising to find that the 
majority (83.8%) of the features had retroelement-like sequences and this was common 
for all hybridizations. Only 16.2% of the sequenced polymorphic features were based on 
these sequences (Figure 4.4). This low rate was to be expected due to the high copy 
number of retroelements which remained high even after the CHM had been processing 
by drying and other methods.  
 
Previous phylogenetic relationship and genetic diversity studies have benefited from the 
use of retrotransposon-based markers (Flavell et al., 1994; Hirochika et al., 1996; Kubis 
et al., 1998; Suoniemi et al., 1998) because they have high copy numbers in eukaryotic 
organisms (Motohashi et al., 1997; Totout et al., 1999). For instance, Chesnay et al. 
(2006) used sequence-specific amplification polymorphism (SSAP), the most useful 
retrotransposon-based marker, to measure the distributions and structure of SIRE-1 
retroelement populations in annual and perennial Glycine species. The SIRE-1 specific 
primers were designed based on a region upstream of the 3’ LTR terminal sequence (5'- 
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CAGTTATGCAAGTGGGATCAGCA-3'). The results of the analysis revealed that 
SIRE-1 was present throughout the Glycine genus. In addition, SSAP has been used to 
study the polymorphism of the Ty1-copia group retrotransposons in plants (Ellis et al., 
1998; Kumar et al., 1997; Purugganan and Wessler, 1995; Waugh et al., 1997).  
 
More recently, retroelement-based markers have been identified in some array-based 
fingerprinting. For example, Nouzová et al. (2001) employed a modified DNA 
microarray-based technique for the preliminary screening of short fragment genomic 
DNA libraries from three Vicia species (V. melanops, V. narbonensis, and V. sativa), in 
order to isolate representative highly abundant DNA sequences. Retroelement-like 
sequences, e.g. putative reverse transcriptase of Ty3/gypsy type, were found in some 
clones. Wittenberg et al. (2005) used the DArT™ to model the plant Arabidopsis 
thaliana, and some sequences of features were found that matched to “retrotransposons”.  
 
In the present study, our expectation that low polymorphism rate will be obtained within 
the features based on retroelement-like sequences was fulfilled by the result of 
sequencing. This rate was relatively low because retroelements are common across 
species and this study demonstrated that they are present even after plant processing. 
Furthermore, retroelements may cause mutation and DNA variation across a plant 
genome (Jayasinghe et al. 2009). Considering that copy numbers of retrotransposons vary 
greatly in different plant species (Bennetzen, 1996), therefore the retroelements identified 
in this study should be considered a source of polymorphism for use in future SDA 
studies. 
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4.4.1.2    Gene-based probes 
One in four of the 151 sequences encoded “genes”, including housekeeping genes e.g. 
ATP synthase (EC 3.6.3.14), ORF, Cytochrome f, etc. These genes play important roles 
in plant genomes. For instance, ATP synthase (EC 3.6.3.14) is a general term for an 
enzyme that synthesizes adenosine triphosphate (ATP) from adenosine diphosphate 
(ADP) and inorganic phosphate (http://www.mrcdunn.cam.ac.uk/research/atp_synthase/ 
subunit.php, 03/2009). An ORF contains a sequence of bases that could potentially 
encode a protein (http://en.wikipedia.org/wiki/Open_reading_frame, 02/2009). 
Figure 4.4    Distribution of the sequenced polymorphic sequences 
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Cytochrome f has a role in transferring electrons from the Rieske FeS protein to 
plastocyanin in the thylakoid lumen (Gray, 1992). The ribosomal protein L2 is an 
essential component of the ribosomal large subunit (Marty and Meyer, 1992). 
Photosystem I catalyzes oxygenic photosynthesis, the principal converter of sunlight into 
chemical energy on earth (Fish and Bogorad, 1986). Since the housekeeping genes code 
for proteins that are constantly required by the cell, they are essential to a cell and are 
always present under any conditions (http://www.biology-
online.org/dictionary/Housekeeping_genes, 09/2008). This is the main reason that the 
housekeeping genes have been used as internal standards for gene expression experiments 
(Thellin et al., 1999) in previous studies. In the present study, the majority of the features 
(88.5%) that matched to housekeeping genes were on non-polymorphic. Only five 
(Figure 4.4) e.g. “Apocytochrome f precursor”, “Cytochrome f”, “putative membrane 
protein ycf1 (RF1)”, “chromosome chr14 scaffold_63, whole genome shotgun sequence” 
and “putative senescence-associated protein (Fragment)”, were found to be polymorphic. 
These sequence-based probes were useful for the fingerprinting, and are expected to be 
useful for future studies.  
 
The gene fragments identified in this study were almost all angiosperm-specific. This is 
because the subtraction process removed the common sequences between angiosperms 
and non-angiosperms (see section 1.6.3.3.5), and therefore enriched the angiosperm-
specific sequences (Jayasinghe et al., 2007). The majority of features except 12 exhibited 
negative signals when targets prepared from non-angiosperm genomic DNA were 
hybridized to the SDA. In contrast, the gene fragments identified in other microarray 
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studies e.g. DArT™ (James et al., 2008) were derived from pooled genomic DNA from 
the species to be fingerprinted. Therefore, it is likely that a significant proportion of the 
genes fragments were not angiosperm-specific. However, the gene fragments of the 
polymorphic features that were identified in this study have a much higher degree of 
angiosperm-specificity and consequently may be used for rapid discrimination of 
angiosperm species in future studies. In addition, considering that sequence data from a 
single gene have proved to be insufficient for barcoding purposes in plants because 
multiple closely related species have been found to possess identical sequence at some 
loci (Sucher and Carles, 2008), a potential advantage of the SDA is that this microarray 
includes multiple genes from more than one locus which is sufficient for fingerprinting 
dried CHM samples. 
 
4.4.1.3    Other probes 
In contrast, the majority (72.2%) of the polymorphic features contained sequences which 
the functions of which were “unclear” or, “unknown”, or contained sequences which 
obtained “no hits” in the databases (Figure 4.4). For these sequences, the finding of 
specificity for some species offers an opportunity to contribute this information to the 
existing databases,. Additionally, these polymorphic features could be retained for 
constructing a new array for rapid fingerprinting those CHM in a future study.  
 
4.4.2    Redundancy 
Genomic complexity reduction is a critical step for the DArT™ technique to produce 
genomic representations with a sufficient number of unique polymorphic clones, 
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indicating that detecting the redundancy level of the probes is an important process. For 
instance, Wenzl et al. (2004) assayed DArT™ markers with a roughly 2.5-fold (40%) 
redundancy (Table 4.4), which was effective for the genetic mapping and diversity 
analyses of barley. Wenzl et al. (2006) constructed a high-density consensus map of 
barley, 1,546 'bPb' DArT loci collapsed into 959 bins, and revealed a redundancy level of 
38% (Table 4.4). Wittenberg et al. (2005) reported a redundancy of 1.78 fold (56%)  
(Table 4.4) for genetic mapping by validating the quality and molecular basis of the 
markers, using the model plant Arabidopsis thaliana. James et al. (2008) used the 
DArT™ to study the evolution of non-model organisms, and reported frequencies of 
redundancy of 0.2 (20%) (no SSH) and 0.31 (31%)  (SSH) for Asplenium, 0.14 (14%) and 
0.47 (47%) for Garovaglia respectively (Table 4.4). However, according to the available 
literature, only five of eleven previous DArT™ studies reported the redundancy level 
(Table 4.4), the authors in other 6 studies failed to report the redundancy information. 
This may hamper our understanding of the strength of the complexity reduction in those 
studies.  
 
The 1.9-fold (53%) redundancy generated from the present study is similar to those 
reported in the previous DArT™ studies, but these rates may not be suitable for direct 
comparison. One possible reason is that the methods used to determine the redundancies 
were not described in the previous DArT™ studies. For instance, Wenzl et al. (2004) 
reported a redundancy of 2.5-fold (40%) without any specific information on how this 
was determined. Wittenberg et al. (2005) reported a 1.78-fold level based on the 
sequencing results, but provided no information on the threshold used to determine the 
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redundancy level of the markers. Moreover, different methods or thresholds may result in 
varied redundancy levels even in the same study. For instance, in the present study, a 
redundancy of 1.9-fold (53%) was produced when the threshold of sequence homology 
was 99.5%. However, this number was decreased to 1.5-fold (67%) when the threshold 
was increased to 100%. Therefore, without specific information on how redundancy was 
determined in the previous DArT™ studies, the direct comparisons of levels can not be 
reliably made.  
 
 
4.5        Summary and conclusion 
 
150 sequences were divided into 5 categories according to descriptions of database 
entries, namely “retroelements”, “genes”, “putative uncharacterized protein”, “unknown” 
and “no hits”. 106 of those sequences obtained “significant” matches. A redundancy level 
of 1.9-fold (53%) was identified from the homology calculation. This number is similar 
compared with that in previous studies. Additionally, the sequences of 12 polymorphic 
features were “retroelements” and “genes”, indicating that the retroelements- and genes-
based markers could be used for fingerprinting the dried commercial CHM.  
 
The genes identified in this study were angiosperm-specific, which were different 
compared with that in previous studies. This may due to the removal of some common 
DNA fragments including genes by the SSH process. Furthermore, the finding of the 
specificity for some species for the sequences which functions were “unknown” and 
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“unclear”, or the sequences which obtained “not hits”, may contribute to their 
information in the existing databases.  
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Table 4.4    Comparison of array-based fingerprinting used in diversity or phylogenetic relationship studies. 
Species Fingerprinting Restriction 
endonucleases 
Number of 
probes 
Identities of  
the sequences 
Polymorphism Redundancy 
Vicia melanops,  
V. narbonensis, 
and V. sativa 
(Nouzová et al., 
2001) 
Array TaqI was used to 
digest DNA 
 
1,440 32 sequences 
obtained matches e.g. 
retroelements, NADH 
oxidoreductase, RNA 
polymerase, etc. 
N.S. N.S. 
Five Dendrobium 
species (Li et al., 
2004) 
SSH-based array RsaI 64 10 species-specific 
sequences obtained 
no homoglogy in the 
GenBank. 
Ratio of species- 
specific probes 
varied from 9.7% 
to 14.6% for 
different species 
N.S. 
Eucalyptus 
grandis (Lezar et 
al., 2004) 
DArT™ PstI 384 N.S 14.3% N.S. 
33 barley cvs. and 
two accessions of 
wild barley (H. 
spontaneum) 
(Wenzl et al., 
2004) 
DArT™ PstI/BstNI, 
PstI/TaqI 
3,840 clones 
(PstI/BstNI), 
8,448 clones 
(PstI/TaqI) 
librarys 
383 polymorphic 
clones were 
sequenced, but no 
information was 
detailed. 
2.9–10.4%, average 
6.3%; 
2.5-fold 
redundancy 
Arabidopsis 
thaliana 
(Wittenberg et al., 
2005) 
 
DArT™ PstI-EcoRI was 
chosen, with TaqI 
as co-digesting 
enzyme. 
 
2,592 Ler 
sequences 
 
The 190 Ler clones 
were sequenced and 
resulted in 107 
unique sequences. 
Some had high 
homology to the 
previously identified 
retrotransposons. 
7.3% 1.78 
Continued on the next page 
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Table 4.4    Comparison of array-based fingerprinting used in diversity or phylogenetic relationship studies (Continued from p147). 
Species Fingerprinting Restriction 
endonucleases 
Number of 
probes 
Identities of 
the sequences 
Polymorphism Redundancy 
Dendrobium species 
(Li et al., 2005) 
SSH-based array RsaI 14 species-
specific probes 
No significant 
homologies in the 
GenBank database. 
N.S. N.S. 
62 wheat cultivars 
and the doubled 
haploid (DH) 
(Akbari et al., 2006) 
DArT™ PstI/TaqI 
 
5,137 N.S. 4.2 (wheat) to 4.0% 
(barley) for the 
PstI/MseI 
representation to 
9.4 (wheat) and 
10.4% (barley) for 
the PstI/TaqI 
representation, 
The markers 
were not 
assessed for 
redundancy 
Cajanus cajan and 
wild relatives (Yang 
et al., 2006) 
DArT™ PstI/HaeIII 
 
5,376 
 
N.S. 5.6-5.9% N.S. 
Oryza sativa L. 
(Xie et al., 2006) 
DArT™ MseI/EcoRI 
 
1,152 N.S. N.S. N.S. 
Barley (Wenzl et al., 
2006) 
DArT™ PstI/BstNI 
 
2,304 
polymorphic 
probes 
N.S. N.S. A 
redundancy 
level of 38%. 
Six Dendrobium 
species (Li et al., 
2006) 
SSH-based array RsaI 128 N.S. Up to 42.4% N.S. 
Barley (Wenzl et al., 
2007) 
DArT™ -BSA PstI/BstNI 2,304 N.S. N.S. N.S. 
 
Continued on the next page 
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Table 4.4    Comparison of array-based fingerprinting used in diversity or polygenetic relationship studies (Continued from p148). 
Species Fingerprinting Restriction 
endonucleases 
Number of 
probes 
Identities of 
the sequences 
Polymorphism Redundancy 
 
Manihot esculenta 
(Xia et al., 2005) 
 
DArT™ 
 
PstI/BstNI 
and PstI/TaqI 
 
4,068 
 
N.S. 
PstI/TaqI: 14.6%, 
PstI/ 
BstNI: 17.2% 
 
N.S. 
Garovaglia elegans 
and 14 specimens of 
Asplenium viride 
(James et al., 2008) 
DArT™ MseI 
 
1,349 Genes namely 
carbohydrate 
transporter, etc. Some 
genes e.g. possible 
retrotransposon, 
similarity to cDNA, 
mRNA and/or 
Protein, etc. 
 
Asplenium (6%) 
Garovaglia 
(15%) 
Redundancies 
were between 
0.2 and 0.31 for 
Asplenium, and 
ranged from  
0.14 to 0.47 for 
Garovaglia. 
Sorghum bicolor 
subsp. Bicolour, S. 
bicolor subsp. 
drummondii , subsp. 
verticilliflorum and 
S. propinqum (Mace 
et al., 2008) 
DArT™ PstI+BanII 
 
6,135 N.S. N.S. Overall 
redundancy in 
the map dropped 
from 33.7% to 
24% when SSH-
derived DArT™ 
markers were 
excluded. 
 
Note: N.S. = Not specified. 
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5.1        Introduction 
 
The SDA successfully discriminated the dried commercial CHM samples, including 
samples representing closely related species such as M. denudata and M. biondii, in 
experimental studies discussed previously (see sections 2.3.3 and 3.4). The results 
indicated that this technique may be suitable for fingerprinting the CHM at the species 
level. However, since only two species belonging to the Eumagnoliids were involved, 
whether this technique is suitable for fingerprinting other closely related species remains 
questionable, especially in the case of those that have a more distant relationship with 
non-angiosperms, for example, Panax species which belong to the clade Asterids. 
Therefore, DNA from two Panax species was used to further examine the sensitivity of 
this SDA.  
 
Panax ginseng (Chinese ginseng) and P. quinquefolius (American ginseng) of the family 
Araliaceae are important herbs in CHM. P. ginseng was used for medicinal treatment as 
early as 202 B.C. (Mahady et al., 2000), and is now cultivated in Asia e.g. north-eastern 
China and Korea. Traditionally, the crop has been harvested from the wild, but 
increasing demand in the world market recent years has resulted in the virtual extinction 
of the plant in its native habitat (Hon et al., 2003). P. quinquefolius was used by native 
American tribes as a health food long before and was exported to China in the late 18th 
century, and now is farmed in the North America e.g. the United States and Canada 
(Mahady et al., 2000). These two ginsengs contain chemically-related but 
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pharmacologically distinctive ginsenosides, and are used for disease treatment in 
Chinese medicine (Ha et al., 2002b). P. quinquefolius was reported to help regulate 
blood sugar levels (Vuksan et al., 2000), dried roots of P. ginseng C. A. Mey. were used 
to treat stress (Um et al., 2001), fatigue (Chang et al., 1986) and cancer (Mihalvo et al., 
2000).  
 
American and Chinese ginseng products are often substitutes for each other in the 
market, as the dried commercial roots of these two species are highly similar in 
morphological appearance (Um et al. 2001). Furthermore, the gap between the prices of 
ginseng samples is another reason for the substitutes. For example, P. ginseng is more 
expensive than P. quinquefolius in Korea (Leem et al., 2005), thus, the illegal practice of 
disguising American ginseng as Chinese ginseng has become a common problem in 
recent years in Korea (Um et al. 2001). However, as the price of cultivated P. 
quinquefolius is usually 5-10 times greater than that of cultivated P. ginseng in the Hong 
Kong market, the latter is frequently misrepresented as the former in this market (Ha et 
al. 2002a). Therefore, developing an effective method for identifying these two ginsengs 
is necessary, which is highly important for the fair trade of ginseng in CHM and as a 
safeguard for public health. 
 
As the DNA of herbal species does not vary with their physical form and physiological, 
or external growth conditions (Hon et al., 2003; Qin et al., 2005), DNA fingerprinting 
e.g. RAPD or RP-PCR (Bai et al., 1997; Shaw and But, 1995), AFLP (Ha et al., 2002a) 
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and PCR-RFLP (Shim et al., 2005; Um et al., 2001) have been used to discriminate P. 
ginseng species for the past decades. More recently, array-based fingerprinting, 
oligonucleotide microarray was used to identify P. ginseng. For instance, Zhu et al. 
(2008) designed the “PNX microarray” to differentiate ginseng drugs including 8 
ginseng species, which contained 35 specific oligonucleotides as probes. Based on this 
technique, eight Panax species, including P. ginseng and P. quinquefolius, were 
differentiated from each other. In contrast, only one previous study (Ngan et al., 1999) 
reported the successful discrimination of the substitution using the RFLP profile. 
However, these previous methodologies suffered from low reproducibility, 
polymorphisms, and the requirement for sequence information.  
 
The first objective of this experiment is trying to differentiate P. ginseng and P. 
quinquefolius, which are not used in the creation of the initial genomic DNA pool, using 
the SDA. Furthermore, the discrimination of substitution of Panax samples is the second 
purpose in this study. P. quinquefolius DNA was used to deliberately contaminate pure 
samples of P. ginseng DNA. The contaminated samples were subsequently employed to 
test the sensitivity of the SDA. 
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5.2        Materials and methods 
 
5.2.1   Dried CHM Materials 
Commercial CHM samples, P. ginseng (dried roots) and P. quinquefolius (dried roots) 
(Figure 5.1), were purchased from Min Wei Huang TCM Clinic in Melbourne, VIC, 
Australia (Appendix 5). Although the Chinese pharmacist verified all these specimens 
(M.W. pers. comm.), the age of these samples, and the manner in which they were 
processed were uncertain.  
 
 
  
 
Figure 5.1    Ginseng samples used for DNA extraction 
1. P. ginseng (dried roots); 2. P. quinquefolius (dried roots). 
A 
B 
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5.2.2    Chemicals and reagents 
Chemicals and reagents used in the DNA extraction, double-digestion, labeling and 
hybridization were detailed in Chapter 2 (see section 2.2). The QIAgen™ REPLi-g® 
Mini/Midi Kit was obtained from the QIAgen Company, Valencia, Australia.  
 
5.2.3    Preparation of genomic DNA 
Genomic DNA extraction of Panax samples was conducted as detailed in Chapter 2 (see 
section 2.2.1.7). However, the quantity of genomic DNA isolated from the dried root 
samples was too low to be used directly for target preparation. Therefore, the QIAgen™ 
REPLi-g® Mini/Midi Kit (QIAgen) was employed to amplify the existing DNA. This 
commercial kit contains DNA polymerase, buffers, and reagents for whole-genome 
amplification from small samples using Multiple Displacement amplification (MDA) 
(Dean et al., 2002). Over 50 ng DNA was used as template. Buffer N1 (neutralization 
buffer) was prepared according to the manufacturer’s guidelines. 5 µL template DNA 
was placed into a microcentrifuge tube, 5 µL Buffer D1 (Appendix 1) was prepared and 
added into the DNA. Then, the tube was mixed by vortexing and then centrifuged 
briefly. The solution was incubated at room temperature (15-25ºC) for 3 minutes. Then, 
10 µL Buffer N1 was added (Appendix 1) and mixed by vortexing. 30 µL of the master 
mix (Appendix 1) was added to 20 µL of denatured DNA, and incubated at 30ºC 
overnight. The REPLI-g Mini DNA polymerase was subsequently inactivated by heating 
the sample for 3 minutes at 65ºC. The amplified DNA samples were stored at 4ºC prior 
to use. 
Chapter 5    The detection of a deliberate substitution of P. quinquefolius in a Panax 
ginseng DNA samples using the using the SDA 
 156 
 
5.2.4   Double-digestion, labeling and hybridization 
Three samples were prepared, the first being the deliberate substitution and the other two 
being pure samples of each species. 1.35 µg DNA isolated from P. ginseng was 
deliberately contaminated with 0.15 µg DNA isolated from P. quinquefolius, producing 
a 1.5 µg sample with a 9:1 purity ratio. Furthermore, 1.5 µg DNA of P. ginseng and of 
P. quinquefolius isolated from 100% pure materials were used as controls. All DNA 
were double-digested, labeled, and subsequently hybridized with the SDA. The 
processes of double-digestion, labeling and hybridization were detailed in Chapter 2 (see 
sections 2.2.3.2 and 2.2.3.3). 
 
5.2.5    Scanning and data analysis 
Scanning and data analysis were detailed in Chapter 3 (see sections 2.2.3.4 and 2.2.3.5). 
Scanning was performed on a ScanArray Gx microarray (PerkinElmer, USA; Figure 
5.2), not on the Affymetrix 428™ array Scanner (Santa Clara, CA) as described in 
Chapter 3. This was because Affymetrix 428™ Array Scanner malfunctioned and was 
decommissioned prior to the commencement of this study.  
 
The ScanArray Gx is used to scan Cy-3 and Cy-5 labeled features. A fixed 543 nm 
excitation wavelength was designed primarily to accommodate Cyanine-3 fluorescent 
dyes. The slides were scanned by using an “Easy scan”, in which the scan was 
performed at a resolution of 20 µm and a 60% PMT gain. After the scanning, signals of 
the features were quantified using an “easy quant”, in which the“lowess” (Locally 
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Weighted Linear Regression) normalization method was chosen. Then, the signal 
intensities of the features were calculated manually by removing those of the 
background. The results were subsequently used to calculate the signal to background 
ratios. Features with a signal to background ratio of ≥ 2.0 were defined as “positive 
features”, and their values were converted to unity. Features with a signal to background 
ratio of < 2.0 were converted to zero.  The subsequent analysis process was described in 
sections 2.2.3.4 and 2.2.3.5. 
 
 
 
 
Figure 5.2   Photo of ScanArray Gx microarray Scanner 
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5.2.6    Sequencing 
The process of sequencing was described in Chapter 4 (see section 4.2.2). Identities of 
species-specific sequences (Table 5.2) were generated from the sequence information 
reported in Chapter 4 (see section 4.3). 
 
 
5.3        Results 
 
The QIAgen™ REPLi-g® Mini/Midi Kit successfully amplified the small quantities of 
DNA isolated from the dried ginseng roots, which was evidenced by the increased 
intensity of EtBr-stained bands (Figure 5.3). High absorbance ratios of 1.91 and 1.83 
indicated these DNA samples were of high purity (Table 5.1). The successful restriction 
(Figure 5.4) and subsequent hybridization (Figure 5.5) indicated that the final amplified 
DNA was of sufficiently high quality for the fingerprinting experiment. 
 
After removing 11 flagged features from the data analysis, 373 “good” features were 
generated from the hybridizations of the two ginseng samples. 343 of these features 
were found to be common for both hybridizations. Additionally, 39 species-specific 
features including 30 P. ginseng-specific and 9 P. quinquefolius-specific were produced, 
and this resulted in a feature polymorphism of 10.5% for this fingerprinting. 
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Fourteen species-specific features (Table 5.2) including 11 P. ginseng-specific and 3 P. 
quinquefolius-specific features were sequenced. Sequences of 9 features significantly 
matched to the entries in the existing databases, with being a match to “ATP synthase 
subunit beta (EC 3.6.3.14) (Fragment)”, six matched to “putative uncharacterized 
protein”, while other two were retroelements i.e. “Putative retroelement integrase” and 
“retrotransposon protein (putative, Ty3-gypsy subclass)”. Additionally, one sequence 
poorly matched to “polyphenolic adhesive protein 1-like protein”, three obtained “no 
hits” in the databases while the remaining one was classified as “unknown”. 
 
The two Panax species samples and the substitution sample were all successfully 
discriminated. 39 species-specific features were found between the hybridizations of the 
two Panax species DNA, and these differences allowed the differentiation of P. ginseng 
and P. quinquefolius (Figure 5.5). Furthermore, the pure P. ginseng DNA sample and 
the substitution sample (10% DNA of P. quinquefolius and 90% DNA of P. ginseng) 
were discriminated because two polymorphic features were found between their 
hybridizations (Figure 5.4). Therefore, the sensitivity of the SDA was efficient for 
differentiating these two Panax species, and also efficient for differentiating a low level 
of substitution (10% DNA) of P. quinquefolius in the pure DNA of P. ginseng.  
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                                                 1                 2                  3                 4     
 
 
Figure 5.3   Agarose gel of the DNA samples of Panax species 
 
1. L: 1kb ladder; 1. DNA amplified using the QIAgen™ REPLi-g® Mini/Midi Kit (P. 
quinquefolius); 2. DNA amplified using the QIAgen™ REPLi-g® Mini/Midi Kit (P. ginseng);  
3. DNA isolated from P. quinquefolius; 4. DNA isolated from P. ginseng. 
 
    L 
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                                        1                 L                                 2              
 
 
Figure 5.4  Agarose gel of the Double-digested DNA samples 
L: 1kb ladder; 1. isolated from P. quinquefolius; 2. isolated from P. ginseng. 
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Figure 5.5   Hybridization patterns of the SDA 
A. P. quinquefolius; B. Panax ginseng; C. substitution. 
 
 
A 
B 
C 
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Table 5.1   Quantification of DNA isolated from Panax ginseng and P. quinquefolius 
 Dried commercial samples 
Species A260/280 Concentration (µg/µL) Total (µg) 
P. ginseng 
(dried roots) 
1.91±0.04 185.5±5.7 18.6±0.6 
P. quinquefolius 
(dried roots) 
1.83±0.00 165.5±5.7 16.6±0.6 
 
 
 
 
 
 
 
 
 
 
P. ginseng  
 
 Substitution 
 
   P. quinquefolius  
 
 
 
Figure 5.6    Hierarchical dendrogram of two Panax species and the substitution using signal 
intensity mean with threshold ratio 2.0. The steps of the dendrogram show the combined clusters 
and the values of the distance coefficients at each step; the values have been rescaled to numbers 
between 0 and 25, preserving the ratio of the distances between the steps.    
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          5.4       Discussion 
 
The QIAgen™ REPLi-g® Mini/Midi Kit successfully amplified the DNA isolated from 
the dried commercial P. ginseng and P. quinquefolius samples. 39 polymorphic features 
(10.5%) were generated from the fingerprinting of these two closely related Panax 
species. Also, the SDA was sufficient for discriminating the substitution of a small 
portion of P. quinquefolius DNA in pure P. ginseng DNA. In the following sections, the 
impact of using the commercial kit for DNA amplification, the possible reasons for the 
level of polymorphisms obtained in the present fingerprinting study will be discussed. 
 
5.4.1   Amplification of the isolated genomic DNA using the QIAgen™ REPLi-g®  
           Mini/Midi Kit 
In this first attempt to amplify the DNA isolated from dried herbal plants using this 
commercial kit, the increased intensity of EtBr-stained bands (Figure 5.3) indicated the 
amplification was successful, producing a quality of amplified DNA adequate for the 
target preparations. This commercial kit allows uniform amplification of whole-genomic 
DNA (over 10 ng) from various small clinical samples, including purified DNA, whole 
blood, and tissue culture cells (QIAgen™ REPLi-g® Mini/Midi Kit handbook). 
However, it has never been used to amplify DNA isolated from dried commercial CHM. 
Therefore, the success in this study may provide a new method for target or probe 
preparation for microarray-based fingerprinting. However, to obtain  
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Table 5.2     Identities of the species-specific features for the Panax species (extracted from Chapter 4). 
Clone Length Specific for 
species 
Matching Entry  
(in SwissProt + SpTrEMBL) 
Description E Value 
B240 353 P. ginseng Q8S8M1_ARATH Putative retroelement integrase 5×10-20 
A215 374 P. ginseng A8NMG1_BRUMA Putative uncharacterized protein. 6×10-17 
A167 729 P. ginseng Q2R3T2_ORYSJ Retrotransposon protein, putative, Ty3-gypsy 
subclass 
1×10-22 
B83 300 P. ginseng A7YXM6_9ALVE Polyphenolic adhesive protein 1-like protein 0.0002 
A117 247 P. ginseng Q3HKA5_TOBAC Putative uncharacterized protein. 2×10-21 
A3 502 P. ginseng A5BK92_VITVI Putative uncharacterized protein. 4×10-18 
A8 339 P. ginseng Q9RXQ4_DEIRA Putative uncharacterized protein 8×10-19 
A6 292 P. ginseng File contains no hits 
A21 300 P. ginseng File contains no hits 
A29 425 P. ginseng File contains no hits 
A171 247 P. ginseng Q3HKA5_TOBAC Putative uncharacterized protein. 2×10-22 
A212 374 P. ginseng A8NMG1_BRUMA Putative uncharacterized protein. 6×10-17 
A43 338 P. quinquefolius A7SHI0_NEMVE Predicted protein Unknown 
B131 558 P. quinquefolius Q9XQZ3_9MAGN ATP synthase subunit beta (EC 3.6.3.14) 
(Fragment). 
4×10-98 
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the best results from the amplification, the template DNA should be over 2 kb in length 
with some fragments longer than 10 kb (QIAgen™ REPLi-g® Mini/Midi Kit handbook). 
This means that the kit may not be effective for very badly degraded DNA isolated from 
some dried commercial CHM samples. Nevertheless, it was evident that the Panax 
samples possessed DNA of sufficient integrity for the successful application of this kit. 
 
5.4.2     Sensitivity of the discrimination of the SDA 
In the experiments outlined in Chapter 2 and Chapter 3 (see sections 2.3.3 and 3.4), the 
SDA correctly clustered the CHM species which comprised the initial genomic DNA 
pool. More importantly, this technique was suitable for fingerprinting M. biondii (see 
section 2.3.3), which was not used in the creation of that pool. In the present study, P. 
ginseng and P. quinquefolius (also not used in the creation of the angiosperm pool, see 
section 5.3), were similarly fingerprinted, indicating that the SDA may be suitable for 
more extensive fingerprinting of CHM than had been previously assumed. 
 
The SDA successfully discriminated a low level of substitution (10%) of P. quinquefolius 
in P. ginseng DNA. For constructing the initial genomic DNA pool, the DNA fragments 
that were common between angiosperms and non-angiosperms were removed by SSH, 
and thus the angiosperm-specific sequences were enriched. Therefore for species of the 
Asterids (e.g. Panax spp.) which have a distant relationship with non-angiosperms, it was 
predicted that a significant proportion of their DNA fragments would be retained after 
subtraction. However, for the basal angiosperms which have a closer relationship with 
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non-angiosperms, some of their sequences would be subtracted. Therefore, when the 
SDA was used to fingerprint Panax spp., the majority of the features were expected to be 
positive for all hybridizations. This expectation was confirmed by the large number of 
positives, specifically, 315 shared positive features were found for both hybridizations. In 
contrast, only 17 common negative features were obtained. In total, 332 common features 
were generated from the fingerprinting. This was the main reason for the small number of 
polymorphic features found in this fingerprinting. Also, this increased the difficulty of 
discriminating the substitution in the P. ginseng DNA. It was expected that the DNA 
substitution would produce no effect on the signal to background ratios of the common 
features, but only affect the signal to background ratios of the polymorphic features. 
However, even though there should be an effect on the signals of the polymorphic 
features, this may be insufficient to change the overall ratios. In the experiment, only two, 
of a possible 39 polymorphic features were generated from the hybridizations of P. 
ginseng and the substituted DNA of P. ginseng, however, this was sufficient for 
successful differentiation. 
 
The sensitivity of this SDA is not suitable for direct comparison with previous techniques 
that successfully identified substitutions in ginseng samples. The possible reasons are that 
different techniques and contaminants have been used between these studies. For 
instance, Ngan et al. (1999) successfully authenticated a low level of substitution (10%) 
of P. ginseng as a contaminant in P. quinquefolius samples using the RFLP profiles. In 
contrast, the SDA in the present study was used to fingerprint the opposite substitution, 
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i.e. a P. ginseng DNA sample contaminated with 10% P. quinquefolius DNA. Therefore, 
valid sensitivity comparisons between the techniques used to differentiate substitutions in 
different studies cannot be made. 
 
5.4.3    Polymorphism  
The SDA generated a polymorphism rate of 10.5% from the fingerprinting of the two 
closely related Panax species. This rate was similar to that of the 3%-17% (Jaccoud et al., 
2001; Wenzl et al., 2004; Wittenberg et al., 2005; Xia et al., 2005) found in previous 
DArT™ studies. Furthermore, this rate was lower than that in the previous SDA study 
(Jayasinghe et al., 2007), and the polymorphism rates reported in the experiments 
previously reported in sections 2.3.3 and 3.4. However, these fingerprinting were 
performed at different levels. For instance, the previous SDA studies used this technique 
to discriminate the six main clades of angiosperms and species representing different 
families. In contrast, the present fingerprinting was used to discriminate closely related 
species belonged to the same family. Therefore, it is inappropriate to directly compare the 
polymorphism rates found in these SDA studies. 
 
 
5.5    Summary and conclusion 
 
The quality of the amplified DNA using the QIAgen™ REPLi-g® Mini/Midi Kit was 
sufficient for the target preparation. Also, the discrimination level of the SDA was 
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sufficient for differentiating two closely related Panax species which are commonly 
substituted in the CHM market. Even though the polymorphism rate of 10.5% generated 
from the fingerprinting of the two pure DNA controls was relatively low, the sensitivity 
of the SDA was sufficient for differentiating a low level of substitution (10%) of P. 
quinquefolius DNA in P. ginseng DNA. A large number of positive features were 
common for both hybridizations due to the close relationship between these species, 
consequently, only two polymorphic features were found between the hybridizations of 
the substitution and the pure P. ginseng DNA. Although these were sufficient for 
successful differentiation in this experiment, these results may not be able to be 
generalised to other samples or other closely related species.   
 
Further work is required using the SDA to differentiate a greater range of closely related 
species and samples from the same species derived from different locations and 
processed and/or stored under different conditions in order to more accurately evaluate 
the utility of this method for commercial application in CHM quality control. To do this, 
some improvements in the method in order to increase the sensitivity and discrimination 
level of the SDA may be necessary. 
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The presence of adulterants and substitutes in the market may result in completely 
different or weaker pharmacological actions compared with their authentic counterparts 
or even adverse reactions. Consequently, the identification and authentication of CHM 
are of crucial importance to ensure the therapeutic potency of dried commercial CHM 
and to protect public health. Most of the previous array-based fingerprinting studies that 
accurately distinguished plant samples were tested on fresh samples. However, the 
majority of CHM samples requiring fingerprinting is dried and can be of variable quality. 
Therefore, developing a microarray that is sufficient for fingerprinting dried commercial 
CHM samples is an important step towards establishing DNA fingerprinting as a viable 
approach to herbal identification and quality control. Considering that the SDA created 
by Jayasinghe et al. (2007) has the advantage of cost effectiveness compared with 
previous DArT™ and SSH-based arrays (see section 1.6.3.3.5, page 50), this technique 
was further developed for the specific purpose of discriminating dried samples at the 
species level. 
 
6.1      DNA extraction method for the dried commercial DNA samples 
The extraction of high quality DNA from dried samples is a crucial stage in the 
fingerprinting since this isolated DNA is used directly for target preparation. The CTAB 
M2 used in the present study employed the QIAgen™ mini spin column, and modified 
concentration of NaCl and PVP to isolate comparably higher purity DNA samples from 
various sample types, such as roots, leaves, bulbs and stems, of 16 dried samples when 
compared with the other methods. The successful double-digestions, labeling and 
hybridizations (see sections 2.3.3 and 3.3, page 81 and 101 respectively) evidenced that 
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the quality of DNA samples was suitable for target preparation of the SDA. In Chapter 5, 
the CTAB M2 also produced DNA samples of good quality from the dried roots of the 
two Panax species, but since the quantities of DNA were insufficient for target 
preparation the QIAgen™ REPLi-g® Mini/Midi Kit was employed to amplify the 
quantities obtained. Therefore, the evidence to date suggests CTAB M2 is suitable for 
extracting DNA samples of good quality from a range of dried commercial CHM 
samples. Since the concentration of contaminants may vary according to the resources 
and condition of the plant tissues, this method may require modification when producing 
DNA samples of high purity from other dried commercial CHM samples. 
 
In future studies, more modifications of the CTAB M2 may be required. For instance, 
reagents that were not currently employed in the CTAB M2 may be necessary. For tissues 
that contain high concentration of polyphenolics, the PVP combined with reagents such 
as β-mercaptoethanol or BSA may be helpful for removing the contaminants. 
Furthermore, the QIAgen™ mini spin column could be replaced by EconoSpin™ All-in-
1 Mini Spin Columns, which can be purchased separately from Epoch Biolabs, Inc 
(Missouri City, U.S.A). In addition, when the quantity of the DNA sample is not 
sufficient for target preparation, the QIAgen™ REPLi-g® Mini/Midi Kit may be required 
to amplify the DNA. However, even though the commercial kit successfully amplified 
DNA from the samples of the two Panax species, this commercial kit may not be suitable 
for amplifying DNA which is badly degraded as it is not suitable for degraded DNA (see 
section 5.4.1, page 164).  Based on these modifications, good quality DNA could be 
expected to be extracted from dried commercial CHM samples in future studies.  
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6.2     Fingerprinting of the dried commercial CHM using the SDA 
The discrimination level of the SDA was sufficient for fingerprinting of all dried CHM 
samples used in the experimental studies, including a few closely related species, e.g. 
Magnolia biondii and M. denudata (see section 2.3.3, page 81), Panax ginseng and P. 
quinquefolius (see section 5.3, page 158). The hierarchical clustering of these dried 
medicinal herbs conformed to their predicted taxonomical relationship as specified in the 
APG II classification system (2003). Interestingly, as the first attempt to detect the 
substitution of CHM, the sensitivity of the SDA was sufficient for fingerprinting a low 
level of substitution of P. ginseng DNA samples with P. quinquefolius (see section 5.3, 
page 158), and also discriminated samples which were not used in the creation of the 
initial genomic DNA pool. These results indicated that the SDA is sufficiently for 
effective fingerprinting dried CHM at the species level. Also, this is the first study that 
used degraded DNA for target preparation, and therefore provides a new method for the 
identification of dried CHM. 
 
The SDA may have successfully discriminated dried CHM due to the following reasons. 
Firstly, the DNA isolated from dried samples, L. sibiricus 1 (dried leaves from vegetative 
(rosette-stage) plants), A. membranaceus (15 × 3 cm root pieces) and ginseng samples 
(see sections 2.3.3 and 5.3, page 81 and page 158), was not badly degraded, therefore, 
there may have been sufficient qualities of DNA for fingerprinting. Fingerprinting 
samples where the DNA was badly degraded such as C. lachryma-jobi (seeds), M. 
denudata (flower buds) and A. avicennae (seeds) (see sections 2.3.3, page 81) indicating 
good hybridizations between the degraded DNA targets and the SDA probes. Secondly, 
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many of the polymorphic probes on the SDA matched to either retroelements or high 
copy number house-keeping gene sequences e.g. apocytochrome f precursor. The badly 
degraded DNA obtained from certain samples of these may have nevertheless contained 
intact copies of these high-copy number sequences, thereby facilitating the adequate 
hybridizations observed.  
 
The SDA has not been used to discriminate between CHM samples from different 
geographical regions. The main reason is the dried CHM samples purchased from the 
Min Wei Huang TCM Clinic lacked clear information regarding, for instance the 
geographical region, farming methods and harvesting date. This problem is also prevalent 
in the Melbourne CHM market in general. Also, even though these studies have 
investigated the relationship between closely related CHM species, e.g. between two 
Magnolia species (see section 2.3.3, page 81) and between two Panax species study (see 
section 5.3, page 158), it has not been used to fingerprint a large number of species. 
Therefore, studies that can further determine the sensitivity of the SDA are needed to 
assess the extent to which this method can be generalized to a broad range of CHM 
species.  
 
In future studies it would be interesting to use samples in differing conditions to detect 
the sensitivity of the SDA. For example, unprocessed versus samples in powder form or 
samples those have been stored for varied lengths of time, could be conducted to detect 
the sensitivity of the SDA. While the genome information should be stable across the 
samples, different conditions could result in different levels of degradation and hence 
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affect the sensitivity of the SDA. Also, contaminated dried samples could be used as the 
basis for DNA extraction. In chapter 5, the DNA of P. quinquefolius was used to 
contaminate the pure DNA of P. ginseng, and the pure DNA of samples representing 
these two species were employed as controls (see section 5.2.4, page 156). However, 
considering that the substitutions usually performed by mixing dried samples in the 
herbal market, using contaminated dried may result in a more reliable result. Therefore, 
these improvements need to be considered in future studies 
 
The SDA was used to fingerprint substitution in P. ginseng samples, but no adulterants 
were examined in this study. The presence of plant-based adulterants in the CHM market 
is a significant quality control issue and SDA methods may be suitable in their detection. 
However, the frequency, nature and range of CHM adulterants have not yet been fully 
investigated. Therefore, collection of data on the adulterants of CHM, and the 
development of sequence information on these adulterants would be a valuable approach 
in future studies. 
 
The initial genomic DNA pool was designed for detecting angiosperm-specific 
sequences, which is likely to have restricted the sensitivity of the SDA. For instance, a 
low number of polymorphic features (i.e. two) were found when the SDA was used to 
discriminate the low level of substitution (only 10%) in P. ginseng DNA (see section 5.3, 
page 158). The possible reason is that a significant proportion of their DNA fragments 
were retained after subtraction for these two species, and this resulted in a low 
polymorphism rate because the signals of the majority of the features were positive and 
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common for the hybridizations. This increased the difficulty of fingerprinting the 
substitution. Therefore, the sensitivity of the SDA may need to be increased in future 
studies.  
 
In summary, the sensitivity and the discrimination level of the SDA needs to be increased 
in future studies. In that case, a new SDA that derives from a new genomic DNA pool 
that has more specific DNA sequences, and includes the polymorphic features generated 
from the previous experimental studies (see sections 2.3.3, 3.3 and 5.3, page 81, 101 and 
158 respectively), should be constructed to replace the current SDA.  
 
There are two possible ways to construct a new genomic DNA pool in future studies. The 
first choice is using a pooled genomic DNA which includes a greater number of species, 
such as using one species from each family of the angiosperms as a tester, and using 
pooled genomic DNA that includes a greater number of species from the non-
angiosperms as a driver. Consequently, since a larger number of common sequences 
between angiosperms and non-angiosperms will be subtracted, the remaining DNA 
fragments are expected to be more specific. Therefore, the SDA generated from this 
genomic DNA pool could be expected to have a greater discrimination level than the 
current one.  
 
The other possible method is using a SSH to enrich clade-specific sequences to replace 
the angiosperm-specific sequences in the initial genomic DNA pool. At that level, pooled 
genomic DNA isolated from species from the same clade is used as a driver, and the 
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pooled genomic DNA extracted from the species that represent other clades is used as a 
tester. Consequently, the clade-specific sequences will be enriched. This new genomic 
pool is expected to be much more specific compared with the present one, and that 
generated from the above method. Therefore, the SDA generated from this genomic DNA 
pool could be expected to have even greater sensitivity, and should be suitable for the 
fingerprinting of a large numbers of CHM species.  
 
6.3     Concluding remarks 
The discrimination level of the developed SDA was efficient for fingerprinting the dried 
commercial CHM including the closely related species, and a low level of substitution in 
P. ginseng. Considering this technique successfully differentiated dried CHM which was 
not used in the creation of the initial genomic DNA pool, this technique is expected to be 
suitable for widely fingerprinting commercial CHM samples. However, this technique 
has not yet been used to fingerprint a large variety of CHM samples, or used to 
investigate the relationships between CHM samples derived from the same species from 
different sources. Therefore, in the future such studies need to be conducted, and 
developments based on the current technique for increasing the discrimination level and 
the accuracy, are needed. 
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Appendix 1.  Media recipes 
 
CTAB M1 extraction buffer (200ml) 
 
CTAB 6 g 
PVP 4 g 
EDTA 1.17 g 
NaCl 16.36 g 
Tris-HCl 3.15 g 
H2O Add H2O to 200ml 
 
CTAB M2 washing buffer (200ml) 
 
EDTA 2.92 g 
NaCl 2.92 g 
Tris-HCl 7.88 g 
H2O Add H2O to 200ml 
 
CTAB M2 extraction buffer (200ml) 
 
CTAB 6g 
PVP 4g 
EDTA 2.92g 
NaCl 16.36g 
Tris-HCl 3.15g 
H2O Add H2O to 200ml 
 
Sorbitol lysis buffer (200ml) 
 
CTAB 4 g 
PVP 4 g 
EDTA 2.92 g 
NaCl 23.38 g 
Tris-HCl 6.3 g 
H2O Add H2O to 200ml 
 
Sorbitol extraction buffer (200ml) 
 
PVP 4 g 
EDTA 0.29 g 
Tris-HCl 3.15 g 
Sorbitol 12.76 g 
H2O Add H2O to 200ml 
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SDS extraction buffer (200ml) 
 
PVP 4 g 
EDTA 2.92 g 
NaCl 5.84 g 
Tris-HCl 3.15 g 
H2O Add H2O to 200ml 
 
Buffers in the QIAgen™ REPLi-g® Mini/Midi Kit 
Buffer D1 
Reconstituted Buffer DLB 5 µL 
Nuclease-free water 35 µL 
Total volume 40 µL 
 
 
Buffer N1 
Stop Solution 8 µL 
Nuclease-free water 72 µL 
Total volume 80 µL 
 
 
Master Mix 
Nuclease-free water 0 µL 
REPLI-g Mini Reaction 
Buffer 
29 µL 
REPLI-g Mini DNA 
polymerase 
1 µL 
Total volume 30 µL 
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Appendix 2.   Quantification of 16 DNA samples using five different DNA extraction protocols (Standard 
errors are included). 
Samples  SDS method Sorbitol method CTAB M2 QIAgen™ Plant 
Maxi 
CTAB M1 
A260/280 1.02±0.00 0.97±0.01 1.18±0.00 1.15±0.00 1.03±0.02 
Concentration (ng/µL) 597.8±32.5 542.3±12.7 292.5±7.4 22.5±5.0 1072.0±343.7 
A.avicennae 
(dried roots) 
Total (µg) 60.0±3.3 54.2±1.3 29.3±0.7 2.3±0.5 107.2±34.4 
A260/280 1.26±0.00 1.34±0.07 1.77±0.01 1.37±0.13 1.10±0.14 
Concentration (ng/µL) 165.3±66.0 283.0±34.1 185±29.1 16.0±2.5 670.0±146.1 
A. membranaceus 
(15 × 3 cm pieces) 
Total (µg) 16.5±6.6 18.3±3.4 18.5±2.9 1.6±0.3 67.0±14.6 
A260/280 1.36±0.02 1.52±0.11 1.71±0.01 1.91±0.01 1.03±0.01 
Concentration (ng/µL) 191.5±3.1 326±69.4 440.0±0.7 67.8±0.4 585.0±7.4 
A. membranaceus 
(10 × 3 cm pieces) 
Total (µg) 19.2±0.3 32.6±7.0 44.0±0.0 6.8±0.0 58.5±0.7 
A260/280 0.75±0.00 1.63±0.05 1.76±0.08 1.82±0.01 0.95±0.05 
Concentration (ng/µL) 155.0±19.1 428.5±87.3 201.0±7.1 148.8±0.4 717.5±151.7 
A. membranaceus 
(5 × 3 cm pieces) 
Total (µg) 15.5±1.9 42.9±8.7 20.1±0.7 14.9±0.0 71.8±15.2 
A260/280 1.15±0.04 0.82±0.04 1.30±0.04 1.20±0.09 1.25±0.09 
Concentration (ng/µL) 71.8±7.1 52.5±8.7 60.5±9.3 44.0±0.6 54.0±15.5 
C. lachryma- 
Jobi (seeds) 
Total (µg) 7.2±0.7 5.4±0.9 6.1±0.9 4.4±0.1 5.4±1.6 
A260/280 1.39±0.01 1.68±0.00 1.24±0.05 1.38±0.02 1.05±0.00 
Concentration (ng/µL) 710.3±6.5 96.5±1.2 249.8±86.4 160.5±4.4 737.8±107.8 
C. Pilosula 
(dried roots) 
Total (µg) 71.0±0.7 9.7±0.1 25.0±8.6 16.1±0.4 73.8±10.8 
Continued on the next page 
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Appendix 2.   Quantification of 16 DNA samples using five different DNA extraction protocols (Standard 
errors are included, continued from p224). 
Samples  SDS method Sorbitol method CTAB M2 QIAgen™ 
Plant Maxi 
CTAB M1 
A260/280 1.21±0.02 1.01±0.02 1.76±0.04 1.52±0.11 1.57±0.01 
Concentration (ng/µL) 
(µg/µL) 
775.5±19.1 533.5±26.9 49.8±2.5 120.3±13.8 529.8±1.1 
F. thunbergii 
(bulbs) 
Total (µg) 77.6±1.9 53.4±2.7 5.0±0.3 12.0±1.4 53.0±0.1 
A260/280 0.98±0.00 1.13±0.03 1.53±0.03 1.58±0.01 1.25±0.11 
Concentration (ng/µL) 
(ng/µL) (µg/µL) 
619.3±206.8 540.3±47.4 155±14.9 52.8±1.0 255.8±75.2 
L. sibiricus  (dried 
leaves from early 
flowering stage 
plants) Total (µg) 62.0±20.1 54.0±4.7 15.5±1.5 5.3±0.1 25.6±7.5 
A260/280 0.96±0.00 1.29±0.05 1.36±0.04 1.14±0.03 1.21±0.05 
Concentration (ng/µL) 118.5±4.2 560±11.7 98.3±13.3 24.5±2.5 304.0±98.5 
L. sibiricus 1 (dried 
leaves from 
vegetative (rosette-
stage) plants) Total (µg) 11.8±0.4 56.0±1.2 9.8±1.3 2.5±0.3 30.4±9.9 
A260/280 1.02±0.00 0.93±0.01 1.31±0.02 1.27±0.00 0.98±0.04 
Concentration (ng/µL) 1883.8±51.3 1757.5±187.4 89.5±17.3 46.0±0.6 2192.8±684.7 
L. sibiricus 2 
(dried leaves from 
vegetative (rosette-
stage) plants) Total (µg) 188.4±5.1 175.8±18.7 9.0±1.7 4.6±0.1 219.3±68.5 
A260/280 1.01±0.04 1.31±0.02 1.05±0.03 0.93±0.04 1.03±0.00 
Concentration (ng/µL) 701.5±96.2 89.5±19.8 65.8±13.9 21.5±0.6 838.8±42.4 
M. biondii (flower 
buds) 
Total (µg) 70.2±9.6 124.0±75.2 6.6±1.4 2.2±0.1 83.9±4.2 
A260/280 0.95±0.02 1.03±0.00 1.08±0.03 1.03±0.01 1.23±0.02 
Concentration (ng/µL) 565.5±205.7 699.3±156.4 137.3±10.9 66.0±2.5 883.3±101.3 
M. denudata 
(flower buds) 
Total (µg) 56.6±20.6 70.0±15.6 13.7±1.1 6.6±0.3 88.3±10.1 
Continued on the next page 
  226 
Appendix 2.   Quantification of 16 DNA samples using five different DNA extraction protocols (Standard 
errors are included, continued from p225). 
Samples  SDS method Sorbitol method CTAB M2 QIAgen™ Plant 
Maxi 
CTAB M1 
A260/280 1.43±0.08 0.96±0.01 1.39±0.03 1.30±0.01 1.20±0.08 
Concentration (ng/µL) 196.3±1.8 550.3±15.2 87.3±15.2 45.0±1.2 521.3±3.4 
M. fortunei 
(dried leaves) 
Total (µg) 19.6±0.2 55.0±1.5 8.7±1.5 4.5±0.1 52.1±0.3 
A260/280 1.02±0.00 1.16±0.01 1.29±0.01 1.10±0.03 0.93±0.01 
Concentration (ng/µL) 574.8±2.2 447.0±63.6 307.5±3.1 1023.0±70.6 4687.0±1941.2 
S. miltiorrhiza 
(dried roots) 
Total (µg) 57.5±0.2 44.7±6.4 30.8±0.3 102.3±7.1 468.7±194.1 
A260/280 1.53±0.01 1.01±0.02 1.26±0.11 1.0±0.0 1.13±0.02 
Concentration (ng/µL) 199.5±31.0 533.5±23.6 60.0±24.8 98.8±3.4 522.8±5.9 
P. alkekengi 
(dried fruits) 
Total (µg) 20.0±3.1 53.4±2.4 6.0±2.5 9.9±0.3 52.3±0.6 
A260/280 1.00±0.01 1.07±0.01 1.23±0.02 1.02±0.02 1.08±0.00 
Concentration (ng/µL) 771.8±90.1 1037±87.9 72.8±12.1 490.5±125.7 868.3±30.0 
S. chinensis 
(dried fruits) 
Total (µg) 77.2±9.0 103.7±8.8 7.3±1.2 49.1±12.6 86.8±3.0 
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Appendix 3.    The construction of the SDA 
1. Subtracted DNA library construction using SSH and differential DNA cloning 
Forty-nine species representing all angiosperm clades (Jayasinghe et al., 2007) and five 
non-angiosperms plant samples, namely Cupressus macrocarpa, Equisetum hyemale, 
Ginkgo biloba, Marchantia polymorpha and Todea barbara (Jayasinghe et al., 2007)  
were used to prepare DNA. 1.5 µg of DNA from each of the 49 angiosperm species and 
18 µg from each of the five non-angiosperm species were used to construct the two pools, 
angiosperms (A) and non-angiosperms (NA), with the same quantity of DNA. Both 
bulked DNA samples were subsequently concentrated using the Qiagen™ DNeasy® 
Plant Maxi Kit (QIAgen Company, Australia) according to the manufacturers’ guidelines. 
Four micrograms of DNA from each group was double digested with 70 U of each 
restriction enzyme, Alu I and Hae III (PromegaTM) at 37oC for 6 hours.  
 
An angiosperms-specific DNA library was constructed based on these two DNA pools 
using hybridization technique to remove the non-angiosperms sequences. The Clontech™ 
PCR-Select™ cDNA Subtraction Kit was used, following, in the main, the manufacture’s 
guidelines (BD Biosciences Clontech™) but with several significant modifications. In 
brief, two rounds of hybridization were performed between the adaptor-ligated tester A 
and an excess of driver NA to select and enrich the non-hybridized fragments, which 
represented the angiosperm-specific DNA. The angiosperm-specific DNA was amplified 
by nested PCR using specific nested PCR primers 1 & 2R provided in the kit. The 
products between 250-1000 bp were extracted and amplified separately using the 
Qiagen™ QIAquick kit, ligated to the pGEM®-T Easy vector (Promega™), transformed 
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into cells Escherichia coli JM109 (Promega™) and subsequently cultured onto 
LB/Ampicillin/IPTG/X-Gal plates according to the manufacture’s guidelines. The 
positive clones, selected by blue/white screening, were subcultured into LB/ampicillin 
broth (ampicillin at 100 µg/mL). The integrity and length of the cloned inserts were 
validated by PCR using the nested primers and agarose gel electrophoresis. Plasmids 
from clones whose PCR showed a single band with the expected insert size were purified 
using the Qiagen™ DirectPrep 96 Miniprep Kit, resulting in a subtracted DNA library of 
376 clones with inserts of 250-1000 bp.  
 
2.   Amplification of SDA representative fragments 
The inserts of the 376 subtracted DNA library clones were amplified in a 100 µL PCR 
reaction system, which include 10 µL 10 x PCR buffer, 2 µL dNTP mix (10 mM each 
dNTP), 5 µL 50 mM MgCl2, 2 µL of each 10 µM nested PCR primers 1 & 2R 
(Clontech™), 0.5 µL Taq DNA polymerase (Invitrogen™) and 4 µL of purified plasmid. 
Sterile MilliQ water was added to make final volume to 100 µL. The PCR reaction 
system was incubated in the Hybaid PCR Express thermal cycler with denaturation at 
94oC for 5 minutes. Then, 30 cycles of denaturation at 94oC for 10 seconds, annealing at 
68oC for 30 seconds, extension at 72oC for 1.5 minutes were provided, and subsequently 
followed by a final extension at 72oC for 5 minutes. The PCR products were transferred 
to V-bottom polypropylene 96-well plates and purified by the ethanol/sodium acetate 
precipitation method. Five µL of 5 M sodium acetate (PH=5.2) and 150 µL of 95 % 
ethanol were added to each well and stock at -20oC overnight. Further, the plates were 
then centrifuged at 1,110 g for 1.5 hours at 4oC. After discarded the supernatant and 
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added ice cold 150 µL 70 % ethanol to the plates, a centrifuge was provided at the same 
stage. The pellets were air-dried and re-suspended by 10 µL of 50 % DMSO. Then, all 
amplified products were double-digested with AluI & HaeIII. Four negative controls, 
buffer DMSO (50%), nested PCR primers 1 and 2R (Clontech) and pGEM-T Easy vector 
(Promega) double-digested with AluI and HaeIII. Four positive controls, amplified 
products of Ribosomal RNA, RUBISCO, Chlorophyll AB protein and Chlorophyll 
mRNA, were purified and re-suspended with DMSO. All controls were transferred to a 
384-well plate with the experimental DNA samples. 
 
3. Printing of the SDA 
The printing of the array was performed using the BioRobotics® MicroSub-array II 
(Figure 3.1) Compact at RMIT University, Australia. The settings for TAS application 
suite please see appendix 6. The Corning® GAPS II slides (Lifesciences) were used as the 
solid substrate on which a modification including three sub-arrays (Appendix 7), each 
sub-array was prepared with 3 technical replicated, each technical replicate includes 376 
DNA fragments and 8 controls in a developed format of 32 × 12. This new slides was 
used to replaced original one, which includes only two technical replicates in one sub-
array with a format of 48 × 8. The printed slides were subsequently steamed for 5 
seconds and heated on a 100oC for another 5 seconds. Then, all slides were then UV-
irradiated for 5 minutes and baked for 4 hours in an 80oC. These slides were stored in 
clean dry desiccators in the dark until used. 
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Appendix 4.       Comparison of hybridizations using 0.5 µg (A), 1.0 µg 
(B) and 1.5 µg (C) DNA for target preparation. 
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Appendix 5.    The details of Min Wei Huang Clinic 
Address 256 Russell St, Melbourne, VIC 
Phone (03) 9662 3311 
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Appendix 6 Schematic form the selective and diagnostic features (up table describes names of clones on left 16 
columns, another is names of clones of right 16 columns). 
 
B249 B250 B251 B252 B253 B254 B255 B256 B258 B257 B259 B260 B261 B262 B264 B266 
 
B268 
 
B270 
 
B272 
 
B273 
 
B274 
 
B277 
 
B278 
 
B279 
 
DMSO 
 
C1 
 
C2 
 
C3 
 
C4 
 
Cy5 
 
Vector 
 
Primer 
B200 B206 B207  B209 B211  B212 B213  B214 B216 B217 B218 B219  B220 B221 B224  B225 B226 B227 B229 B230 B231 B232 B233 B234  B235  B236 B238 B239 B240 B246 B247  B248  
B147 B148 B150 B151 B152 B153 B154 B155 B156 B157 B158 B160 B164 B165 B166 B167 B171 B173 B175 B176 B177 B178 B179 B181 B187 B189 B190 B191 B192 B196 B197 B199 
A203 A205 A206 A208 A211  A212 A213  A215  A216 A219 A220 A221 A222 A224 A225 A226  A227 A228 A229 A230 A231 A232 A233 A234 A235  A237 A238 A240 A244 A245 A247 A249  
A168 A169 A170 A171 A172 A173 A174 A175  A176 A177 A178 A179 A180 A181 A182 A183  A184 A186 A187 A188 A189 A190 A191 A192 A193 A194 A196 A197 A198 A199 A200 A201 
A129 A130 A131 A133  A134 A136 A138 A139 A140 A142 A143 A145 A146 A147 A148 A149 A150 A151 A152 A153 A154 A155 A156 A157 A159 A160 A162 A163 A164 A165 A166 A167 
B131 B132 B133  B135 B136 B141 B142 B143 B144 B145 B146 ? A106 A107 A108 A109  A111 A112 A113 A114 A115 A117 A118 A119 A120 A122 A123 A124 A125 A126 A127 A128 
B78 B79 B80  B82 B83 B84  B85 B86 B88 B90 B92 B93  B94  B95 B98 B101  B102 B103 B104 B109 B110 B112 B113 B115 B116 B118 B122 B123 B125 B126 B128 B130 
B35 B37 B39 B40 B41 B43 B44 B45 B46 B48 B49  B50  B51 B52  B53 B59  B60 B61 B62 B63 B64 B65 B66 B67 B68 B69 B70 B72 B73 B74  B75 B77 
A86 A88 A89 A91 A93 A96 A98  A101 A102  A103 B4  B5  B8  B9  B10 B12 B13 B14 B16 B19 B20 B21 B22 B25 B26 B27 B28 B29 B30 B31 B32 B33 
A39 A40 A41 A43  A44 A45 A46 A47 A48 A49 A50  A51  A52  A53 A54  A57  A58 A59 A60 A61 A62 A64 A67 A70 A72 A73 A74 A75 A76 A79 A83 A85 
A1 A3  A4  A5 A6  A8 A9  A10 A11  A13  A14  A16 A17 A18 A19  A20  A21 A23 A24 A25 A26 A27 A28 A29 A31 A32 A33 A34 A35 A36 A37 A38 
 
 
Note: 
DMSO: 50% Dimethyl Sulphoride 
C1: Ribosomal RNA; C2: RUBISCO; C3: Chlorophyl mRNA; C4: Chlorophyl AB Protein; Cy5: Cy5 T10 (+ ve control) 
Vector: Purified and digested plasmids (P-Gem) with no inserts; Primer: ClontechTM Nested primer 1 and 2. 
Yellow highlight features: Randomly selected features. 
Red highlight features: Diagnostic features. 
Green highlight features: Randomly selected features which were diagnostic features. 
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Appendix 7.  Sequence information of the clones (Blastn). 
Clones Length Matches Begin-End Description E Value 
A122 237 DQ380953 [185-230] 
 
Orobanche cernua var. desertorum clone pOcdgy6 Ty3 gypsy 
retrotransposon reverse transcriptase gene, partial cds. 
4×10-6 
A17 274 CU915754 [63-137] 
 
S.lycopersicum DNA sequence from clone SL_MboI-70K1 on 
chromosome 4, complete sequence. 
6×10-9 
A189 319 DQ381095 [24-138] 
 
Orobanche ramosa clone pPraTgy8 Ty3 gypsy retrotransposon 
reverse transcriptase gene, partial cds. 
2×10-11 
B153 410 AC238444 [51-110] Solanum lycopersicum chromosome 3 clone C03HBa0049i23, 
complete sequence 
0.031 
A240 240 AC092628 [89-111] 
 
Homo sapiens BAC clone RP11-279O22 from 7, complete 
sequence. 
0.062 
A48 383 AB210221 [1-200] 
 
Setaria italica GBSS1 gene, transposable element TSI-9 in exon 
10. 
1×10-35 
B113 353 DQ103595 [141-207] 
 
Arabidopsis arenosa clone BAC 28N14, complete sequence. 0.094 
B128 630 CT573077 [181-421] 
 
Medicago truncatula chromosome 5 clone mth2-43j18, 
COMPLETE SEQUENCE. 
1×10-33 
B148 353 DQ103595 [141-207] 
 
Arabidopsis arenosa clone BAC 28N14, complete sequence. 0.094 
B16 383 AB210221 [1-200] 
 
Setaria italica GBSS1 gene, transposable element TSI-9 in exon 
10. 
1×10-35 
B165 610 CT573077 [181-421] 
 
Medicago truncatula chromosome 5 clone mth2-43j18, 
COMPLETE SEQUENCE. 
1×10-33 
Continued on the next page 
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Appendix 7.  Sequence information of the clones (Blastn, Continued from page 233). 
Clones Length Matches Begin-End Description E Value 
B171 435 AL118517 [245-275] 
 
Human DNA sequence from clone RP1-125M10 on 
chromosome 6q25.1-25.3, complete sequence. 
0.12 
B190 778 AK102733 [82-103] 
 
Oryza sativa Japonica Group cDNA clone:J033106B03, full 
insert sequence. 
0.85 
B197 610 CT573077 [181-421] 
 
Medicago truncatula chromosome 5 clone mth2-43j18, 
COMPLETE SEQUENCE. 
1×10-33 
B164 237 DQ380953 [185-230] 
 
Orobanche cernua var. desertorum clone pOcdgy6 Ty3 gypsy 
retrotransposon reverse transcriptase gene, partial cds. 
4×10-6 
B235 353 DQ103595 [141-207] 
 
Arabidopsis arenosa clone BAC 28N14, complete sequence. 0.094 
B240 353 DQ103595 [141-208] 
 
Arabidopsis arenosa clone BAC 28N14, complete sequence. 0.024 
B246 353 DQ103595 [141-207] 
 
Arabidopsis arenosa clone BAC 28N14, complete sequence. 0.094 
B94 880 AJ458311 [804-868] Cocos nucifera microsatellite DNA, clone CnCirB6. 0.04 
B252 452 AM931402 [402-451] 
 
Musa textilis partial nbs gene for truncated NBS-LRR disease 
resistance protein, clone N431_TT. 
1×10-17 
B231 610 CT573077 [181-421] 
 
Medicago truncatula chromosome 5 clone mth2-43j18, 
COMPLETE SEQUENCE. 
1×10-33 
B175 383 AB210221 [1-200] 
 
Setaria italica GBSS1 gene, transposable element TSI-9 in exon 
10. 
1×10-35 
A49 236 EU224430 [8-246] 
 
Plastid transformation vector pPRV324Clox, complete 
sequence. 
1×10-95 
Continued on the next page 
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Appendix 7.  Sequence information of the clones (Blastn, Continued from page 234). 
Clones Length Matches Begin-End Description E Value 
B238 353 DQ103595 [141-207] 
 
Arabidopsis arenosa clone BAC 28N14, complete sequence. 0.094 
B250 610 CT573077 [181-421] 
 
Medicago truncatula chromosome 5 clone mth2-43j18, 
COMPLETE SEQUENCE. 
1×10-33 
B274 383 AB210221 [1-200] 
 
Setaria italica GBSS1 gene, transposable element TSI-9 in exon 
10. 
1×10-35 
B30 610 CT573077 [181-421] 
 
Medicago truncatula chromosome 5 clone mth2-43j18, 
COMPLETE SEQUENCE. 
1×10-33 
B4 588 AP005806 [94-134] 
[24-59] 
Oryza sativa Japonica Group genomic DNA, chromosome 6, 
BAC clone:OSJNBb0014G01. 
0.01 
B53 569 AB233654 [457-521] 
 
Crotonogynopsis usambarica chloroplast atpB gene for ATP 
synthase beta subunit, partial cds. 
7×10-10 
B77 673 CR937049 [191-213] CH230-323M7, complete sequence. 0.19 
A39 274 AM706411 [9-90] 
 
Eristalis tenax partial mRNA for hypothetical protein (ORF1), 
isolate 3. 
6×10-37 
A20 309 AM402994 [209-290] Listonella anguillarum serovar O2 partial trn7 gene for 
transposase IS630, clone pValC29. 
6×10-37 
B214 320 CP001634 [207-232] Kosmotoga olearia TBF 19.5.1, complete genome. 0.38 
A159 360 BA000042 [1-357] Nicotiana tabacum mitochondrial DNA, complete genome. 1×10-151 
A145 360 BA000042 [1-360] Nicotiana tabacum mitochondrial DNA, complete genome. 1×10-176 
Continued on the next page 
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Appendix 7.  Sequence information of the clones (Blastn, Continued from page 235). 
Clones Length Matches Begin-End Description E Value 
A14 312 XXU12815 [1-312] 
 
Transformation vector pPRV112B, plastid targeting segment. 1×10-160 
A156 321 EU849490 [1-171] 
[279-321] 
Gonystylus bancanus chloroplast, partial genome. 1×10-37 
A247 389 Z00044 [1-388] 
[297-316] 
Nicotiana tabacum chloroplast genome DNA. 1×10-173 
A44 432 EF571299 [1-432] Glycyrrhiza uralensis 26S ribosomal RNA, partial sequence. To low to detect 
A47 444 EU090187 [1-441] Trachelium caeruleum chloroplast, complete genome. To low to detect 
A9 444 EU090187 [1-441] Trachelium caeruleum chloroplast, complete genome. To low to detect 
B131 558 DQ401329 [1-558] 
 
Lamium sp. Qiu 95019 ATPase beta subunit (atpB) gene, 
partial cds, alternatively spliced; plastid. 
To low to detect 
B133 499 AC189190 [1-499] 
 
Brassica rapa subsp. pekinensis clone KBrB002G19, complete 
sequence. 
To low to detect 
B132 558 DQ401329 [1-558] 
 
Lamium sp. Qiu 95019 ATPase beta subunit (atpB) gene, 
partial cds, alternatively spliced; plastid. 
To low to detect 
A102 401 AC174358 [189-291] Medicago truncatula chromosome 8 clone mth2-27k4, 
complete sequence. 
3×10-11 
B12 535 AF168870 [1-535] 
 
Podococcus barteri 18S small subunit ribosomal RNA gene, 
complete sequence. 
Too low to detect 
A152 232 X66325 [1-207] S.alba 18S, 5.8S & 25S rRNA genes. 6×10-76 
A18 225 CR382137 [164-189] Debaryomyces hansenii strain CBS767 chromosome E 
complete sequence. 
0.23 
Continued on the next page 
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Appendix 7.  Sequence information of the clones (Blastn, Continued from page 236). 
Clones Length Matches Begin-End Description E Value 
B123 558 DQ401329 [1-558] 
 
Lamium sp. Qiu 95019 ATPase beta subunit (atpB) gene, 
partial cds, alternatively spliced; plastid. 
To low to detect 
B146 558 DQ401329 [1-558] 
 
Lamium sp. Qiu 95019 ATPase beta subunit (atpB) gene, 
partial cds, alternatively spliced; plastid. 
To low to detect 
B151 363 AY792770 [109-363] 
 
Phlomis purpurea voucher PUR-1 ATP synthase beta subunit 
(atpB) gene, partial cds; and atpB-rbcL intergenic spacer, 
partial sequence; chloroplast. 
3×10-85 
B191 558 DQ401329 [1-558] 
 
Lamium sp. Qiu 95019 ATPase beta subunit (atpB) gene, 
partial cds, alternatively spliced; plastid. 
To low to detect 
B143 610 CT573077 [181-421] 
 
Medicago truncatula chromosome 5 clone mth2-43j18, 
COMPLETE SEQUENCE. 
1×10-33 
B69 558 DQ401329 [1-558] 
 
Lamium sp. Qiu 95019 ATPase beta subunit (atpB) gene, 
partial cds, alternatively spliced; plastid. 
To low to detect 
B83 300 BX679669 [45-68] 
 
Mouse DNA sequence from clone RP23-73K23 on 
chromosome 2, complete sequence. 
4.9 
B229 147 EU849490 [1-147] Gonystylus bancanus chloroplast, partial genome. 4×10-76 
A54 401 AC174358 [189-291] 
 
Medicago truncatula chromosome 8 clone mth2-27k4, complete 
sequence. 
3×10-11 
A60 374 X66325 [1-374] .alba 18S, 5.8S & 25S rRNA genes. To low to detect 
A36 292 AM889285 [115-134] Gluconacetobacter diazotrophicus PAl 5 complete genome. 4.8 
B28 742 EF380351 [1-742] Buxus microphylla chloroplast, complete genome.  
Continued on the next page 
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Appendix 7.  Sequence information of the clones (Blastn, Continued from page 237). 
Clones Length Matches Begin-End Description E Value 
B192 558 DQ401329 [1-558] 
 
Lamium sp. Qiu 95019 ATPase beta subunit (atpB) gene, 
partial cds, alternatively spliced; plastid. 
To low to detect 
B20 499 AC189190 [1-499] 
 
Brassica rapa subsp. pekinensis clone KBrB002G19, complete 
sequence. 
To low to detect 
B233 494 AJ316582 [1-494] 
 
Atropa belladonna complete chloroplast genome, strain 
Ab5p(kan). 
To low to detect 
B249 498 AC189190 [2-498] 
 
Brassica rapa subsp. pekinensis clone KBrB002G19, complete 
sequence. 
To low to detect 
B206 558 DQ401329 [1-558] 
 
Lamium sp. Qiu 95019 ATPase beta subunit (atpB) gene, 
partial cds, alternatively spliced; plastid. 
To low to detect 
B33 499 AC189190 [1-499] 
 
Brassica rapa subsp. pekinensis clone KBrB002G19, complete 
sequence. 
To low to detect 
B44 360 EU849490 [1-152] 
[48-152] 
[1-24] 
Gonystylus bancanus chloroplast, partial genome. 4×10-69 
B45 472 DQ424856 [4-261] 
[59-137] 
Vitis vinifera cultivar Maxxa chloroplast, complete genome. 1×10-108 
B232 482 CU234210 [199-220] 
 
S.lycopersicum DNA sequence from clone SL_MboI-33N19 
on chromosome 4, complete sequence. 
0.52 
A50 249 AJ271079 [1-249] 
 
Oenothera elata subsp. hookeri chloroplast plastome I, 
complete sequence. 
7×10-82 
A51 221 DQ768222 [1-221] Prunus persica inverted repeat region IRB 1-27; chloroplast. 1×10-106 
A215 374 X66325 [1-374] S.alba 18S, 5.8S & 25S rRNA genes. Too low to detect 
 Continued on the next page 
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Appendix 7.  Sequence information of the clones (Blastn, Continued from page 238). 
Clones Length Matches Begin-End Description E Value 
B68 584 DQ401329 [131-584] 
 
Lamium sp. Qiu 95019 ATPase beta subunit (atpB) gene, partial 
cds, alternatively spliced; plastid. 
To low to detect 
B84 221 AF479147 [1-208] 
 
Terminalia boivinii 26S ribosomal RNA gene, complete 
sequence. 
1×10-112 
B88 208 AF479147 [1-208] 
 
Terminalia boivinii 26S ribosomal RNA gene, complete 
sequence. 
1×10-112 
B262 300 BX679669 [45-68] 
 
Mouse DNA sequence from clone RP23-73K23 on 
chromosome 2, complete sequence. 
5.0 
A4 216 EF207455 [1-216] 
 
Rhodoleia championii inverted repeat B, partial sequence; 
chloroplast. 
3×10-93 
A31 300 BX679669 [45-68] 
 
Mouse DNA sequence from clone RP23-73K23 on 
chromosome 2, complete sequence. 
4.9 
B21 499 AC189190 [1-499] 
 
Brassica rapa subsp. pekinensis clone KBrB002G19, complete 
sequence. 
To low to detect 
B264 300 BX679669 [45-68] 
 
Mouse DNA sequence from clone RP23-73K23 on 
chromosome 2, complete sequence. 
4.9 
B75 516 AJ316582 [1-204] 
 
Atropa belladonna complete chloroplast genome, strain 
Ab5p(kan). 
2×10-90 
B160 499 AC189190 [1-499] 
 
Brassica rapa subsp. pekinensis clone KBrB002G19, complete 
sequence. 
To low to detect 
A215 374 X66325 [1-374] 
 
S.alba 18S, 5.8S & 25S rRNA genes. Too low to detect 
Continued on the next page 
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Appendix 7.  Sequence information of the clones (Blastn, Continued from page 239). 
Clones Length Matches Begin-End Description E Value 
A117 247 EU224430 [1-244] Plastid transformation vector pPRV324Clox, complete sequence.. 1×10-124 
A113 401 AC174358 [189-291] 
 
Medicago truncatula chromosome 8 clone mth2-27k4, complete 
sequence. 
3×10-11 
A146 392 EU224430 [1-244] Plastid transformation vector pPRV324Clox, complete sequence. 1×10-124 
A164 247 EU224430 [1-244] Plastid transformation vector pPRV324Clox, complete sequence. 1×10-124 
A171 247 DQ001744 [1-247] 
 
Ocimum basilicum voucher P.M. McNutt 002 (FLDCI) 16S 
ribosomal RNA gene, partial sequence; tRNA-Ile (trnI) and 
tRNA-Ala (trnA) genes, complete sequence; and 23S ribosomal 
RNA gene, partial sequence; chloroplast. 
1×10-128 
A187 246 DQ001744 [1-246] 
 
Ocimum basilicum voucher P.M. McNutt 002 (FLDCI) 16S 
ribosomal RNA gene, partial sequence; tRNA-Ile (trnI) and 
tRNA-Ala (trnA) genes, complete sequence; and 23S ribosomal 
RNA gene, partial sequence; chloroplast. 
2×10-128 
B93 482 CU234210 [200-221] 
 
S.lycopersicum DNA sequence from clone SL_MboI-33N19 on 
chromosome 4, complete sequence. 
0.52 
B64 482 CU234210 [200-221] 
 
S.lycopersicum DNA sequence from clone SL_MboI-33N19 on 
chromosome 4, complete sequence. 
0.52 
B26 379 AC163703 [318-338] Mus musculus BAC clone RP23-359B23 from chromosome 8, 
complete sequence. 
1.6 
B266 320 CP001015 [204-224] Streptococcus pneumoniae G54, complete genome. 1.3 
 Continued on the next page 
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Appendix 7.  Sequence information of the clones (Blastn, Continued from page 240). 
Clones Length Matches Begin-End Description E Value 
B39 518 AJ271079 [1-518] Oenothera elata subsp. hookeri chloroplast plastome I, complete 
sequence. 
To low to detect 
B37 680 EU849490 [1-680] 
[48-680] 
[1-24] 
Gonystylus bancanus chloroplast, partial genome. To low to detect 
B41 518 AJ271079 [1-518] Oenothera elata subsp. hookeri chloroplast plastome I, complete 
sequence. 
To low to detect 
B70 395 BT009458 [332-395] 
 
Triticum aestivum clone wlsu2.pk0001.h3:fis, full insert mRNA 
sequence. 
2×10-9 
A3 502 AM402994 [402-483] Listonella anguillarum serovar O2 partial trn7 gene for transposase 
IS630, clone pValC29. 
1×10-36 
A38 401 AC174358 [189-291] 
 
Medicago truncatula chromosome 8 clone mth2-27k4, complete 
sequence. 
3×10-11 
A37 374 X66325 [1-374] S.alba 18S, 5.8S & 25S rRNA genes. To low to detect 
B122 482 CU234210 [199-220] 
 
S.lycopersicum DNA sequence from clone SL_MboI-33N19 on 
chromosome 4, complete sequence. 
0.52 
B177 483 CU234210 [200-221] 
 
S.lycopersicum DNA sequence from clone SL_MboI-33N19 on 
chromosome 4, complete sequence. 
0.52 
A11 291 AE014298 [66-86] Drosophila melanogaster chromosome X, complete sequence. 1.2 
A123 255 AC132400 [15-36] 
 
Mus musculus BAC clone RP23-400A19 from 1, complete 
sequence. 
0.26 
A35 343 AC174358 [198-274] 
 
Medicago truncatula chromosome 8 clone mth2-27k4, complete 
sequence. 
2×10-12 
Continued on the next page 
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Appendix 7.  Sequence information of the clones (Blastn, Continued from page 241). 
Clones Length Matches Begin-End Description E Value 
A52 343 AC174358 [198-274] 
 
Medicago truncatula chromosome 8 clone mth2-27k4, complete 
sequence. 
2×10-12 
B125 237 DQ380953 [185-230] 
 
Orobanche cernua var. desertorum clone pOcdgy6 Ty3 gypsy 
retrotransposon reverse transcriptase gene, partial cds. 
4×10-6 
B239 482 CU234210 [200-221] 
 
S.lycopersicum DNA sequence from clone SL_MboI-33N19 on 
chromosome 4, complete sequence. 
0.52 
B50 176 AM443351 [82-106] 
 
Vitis vinifera, whole genome shotgun sequence, contig 
VV78X131415.18, clone ENTAV 115. 
0.69 
B78 178 EU650388 [1-178] 
 
Coffea liberica isolate CCC1026 26S ribosomal RNA gene, partial 
sequence. 
1×10-94 
A8 339 AC189190 [1-339] 
 
Brassica rapa subsp. pekinensis clone KBrB002G19, complete 
sequence. 
1×10-178 
A89 292 CP000685 [66-86] Drosophila melanogaster chromosome X, complete sequence. 1.4 
A124 292 CP000685 [66-86] Drosophila melanogaster chromosome X, complete sequence. 1.4 
A109 292 CP000685 [75-99] Flavobacterium johnsoniae UW101, complete genome. 1.2 
A13 255 AC132400 [15-36] 
 
Mus musculus BAC clone RP23-400A19 from 1, complete 
sequence. 
0.26 
A138 220 CU469555 [124-163] 
 
Medicago truncatula chromosome 5 clone mth4-28c15, 
COMPLETE SEQUENCE 
2×10-07 
A21 249 AC149426 [133-153] Populus trichocarpa clone Pop1-053A03, complete sequence. 1.0 
A23 425 AM889285 [115-134] Gluconacetobacter diazotrophicus PAl 5 complete genome. 4.8 
A6 292 CP000685 [66-86] Drosophila melanogaster chromosome X, complete sequence. 1.4 
Continued on the next page 
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Appendix 7.  Sequence information of the clones (Blastn, Continued from page 242). 
Clones Length Matches Begin-End Description E Value 
A28 221 AF479148 [1-221] 
 
Clarkia xantiana 26S ribosomal RNA gene, complete sequence. 1×10-117 
A25 349 AC150162 [74-99] 
 
Solanum demissum chromosome 5 clone PGEC160O2, complete 
sequence. 
0.41 
A19 281 AL035687 [73-96] 
 
Human DNA sequence from clone RP1-142O9 on chromosome 
6p11.1-12.3 Contains a eukaryotic translation elongation factor 1 
alpha 1 (EEF1A1) pseudogene and a zinc finger (ZNF216) 
pseudogene, complete sequence. 
0.019 
A212 374 X66325 [1-374] S.alba 18S, 5.8S & 25S rRNA genes. To low to detect 
A29 271 AC216421 [132-186] 
[99-186] 
Populus trichocarpa clone POP096-J10, complete sequence. 7×10-5 
A74 360 BA000042 [3-360] Nicotiana tabacum mitochondrial DNA, complete genome. 1×10-163 
B73 650 BX649528 [612-632] 
 
Zebrafish DNA sequence from clone DKEY-19F4 in linkage 
group 5 Contains the 3' end of the gene for a novel protein similar 
to vetebrate phosphatidic acid phosphatase type 2B (PPAP2B), 
complete sequence. 
2.8 
B102 176 AM443351 [82-106] 
 
Vitis vinifera, whole genome shotgun sequence, contig 
VV78X131415.18, clone ENTAV 115. 
0.69 
B5 176 AM443351 [82-106] 
 
Vitis vinifera, whole genome shotgun sequence, contig 
VV78X131415.18, clone ENTAV 115. 
0.69 
A32 332 AC146086 [265-286] 
 
Pan troglodytes BAC clone RP43-15D2 from chromosome 7, 
complete sequence. 
0.36 
A67 360 BA000042 [3-360] Nicotiana tabacum mitochondrial DNA, complete genome. 1×10-163 
 Continued on the next page 
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Appendix 7.  Sequence information of the clones (Blastn, Continued from page 243). 
Clones Length Matches Begin-End Description E Value 
B39 518 AJ271079 [1-518] Oenothera elata subsp. hookeri chloroplast plastome I, complete 
sequence. 
To low to 
detect 
A83 360 BA000042 [1-360] Nicotiana tabacum mitochondrial DNA, complete genome. 1×10-176 
A16 338 AY842284 [84-106] 
 
Lymantria xylina nucleopolyhedrovirus 11.4 kDa protein, 38.2 kDa 
protein, polyhedrin, and capsid associated protein genes, complete 
cds; and protein kinase gene, partial cds. 
1.6 
B167 610 CT573077 [181-421] 
 
Medicago truncatula chromosome 5 clone mth2-43j18, COMPLETE 
SEQUENCE. 
1×10-33 
A62 338 AY842284 [84-106] 
 
Lymantria xylina nucleopolyhedrovirus 11.4 kDa protein, 38.2 kDa 
protein, polyhedrin, and capsid associated protein genes, complete 
cds; and protein kinase gene, partial cds. 
0.1 
B32 545 Z83848 [428-453] 
 
Human DNA sequence from clone RP1-57A13 on chromosome 
Xq24 Contains the 5' end of the GRIA3 gene for glutamate receptor, 
ionotrophic, AMPA 3, the gene for a novel protein and a CpG 
island, complete sequence. 
0.59 
A235 194 Z98049 [51-73] 
 
Human DNA sequence from clone RP3-427A4 on chromosome 
6q26-27 Contains the 5' end of the RPS6KA2 gene for ribosomal 
protein S6 kinase, 90kD, polypeptide 2 (RSK3), the gene for a novel 
protein and a CpG island, complete sequence. 
0.049 
Continued on the next page 
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Appendix 7.  Sequence information of the clones (Blastn, Continued from page 244). 
Clones Length Matches Begin-End Description E Value 
A43 338 AY842284 [84-106] 
 
Lymantria xylina nucleopolyhedrovirus 11.4 kDa protein, 38.2 kDa 
protein, polyhedrin, and capsid associated protein genes, complete 
cds; and protein kinase gene, partial cds. 
0.1 
A1 240 BX957246 [68-88] Zebrafish DNA sequence from clone CH211-89F7 in linkage group 
5 Contains the sdf2l1 gene for stromal cell-derived factor 2-like 1, 
the 5' end of the gene for a novel protein similar to vertebrate 
SEC14-like 3 (S. cerevisiae) (SEC14L3), the ube2l3l gene for 
ubiquitin-conjugating enzyme E2L 3, like, three novel genes and a 
CpG island, complete sequence. 
0.97 
A106 292 CP000685 [75-99] Flavobacterium johnsoniae UW101, complete genome. 1.2 
A112 292 CP000685 [66-86] Drosophila melanogaster chromosome X, complete sequence. 1.4 
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Appendix 8.   Sequence information of the clones (Blastx) 
Table 1.   Sequence information of the clones which have no hits on the databases. 
Clones Length 
A1 240 
A109 292 
A11 291 
A112 292 
A123 255 
A124 292 
A13 255 
A138 220 
A19 281 
A21 249 
A29 271 
A6 292 
A89 292 
B102 176 
B32 545 
B5 176 
B50 176 
B52 176 
B59 257 
B60 176 
B79 292 
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Table 2.  Sequence information of the clones which matched to retroelements. 
Clones Length Matches Begin-End Description E Value 
A122 237 Q0KIP3_SOLDE [237-1] Polyprotein, 3'-partial, putative (Fragment). 2×10-26 
A17 274 Q0KIP3_SOLDE [266-6] Polyprotein, 3'-partial, putative; Flags: Fragment 1×10-31 
A189 319 A8NMG1_BRUMA [2-319] Gag-pol protein, putative. 2×10-40 
B153 410 Q0KIP3_SOLDE [197-12] Polyprotein, 3'-partial, putative (Fragment). 4×10-16 
A240 240 Q10I88_ORYSJ [108-13] 
[133-86] 
Retrotransposon protein, putative, Ty3-gypsy 
subclass, expressed. 
0.012 
A48 383 Q2R2I2_ORYSJ [257-3] 
 
Retrotransposon protein, putative, Ty1-copia 
subclass. 
5×10-23 
B113 353 Q0KIP3_SOLDE [237-1] Polyprotein, 3'-partial, putative (Fragment). 2×10-26 
B128 630 O23864_9ORYZ [601-2] Polyprotein. 5×10-74 
B148 353 Q0KIP3_SOLDE [352-26] Putative polyprotein. 5×10-25 
B16 383 Q2R2I2_ORYSJ [257-3] Retrotransposon protein, putative, Ty1-copia 
subclass. 
5×10-23 
B165 610 O23864_9ORYZ [601-2] Polyprotein. 5×10-74 
B167 610 O23864_9ORYZ [601-2] Polyprotein. 5×10-74 
B171 435 Q8S8M1_ARATH [334-38] Putative retroelement integrase. 5×10-21 
B190 778 B1N668_SOLLC [763-230] Copia LTR rider. 3×10-29 
B197 610 O23864_9ORYZ [601-2] Polyprotein. 5×10-74 
B164 237 Q0KIP3_SOLDE [237-1] Polyprotein, 3'-partial, putative (Fragment). 2×10-26 
B235 353 Q9SYE8_ARATH [352-26] Putative polyprotein. 5×10-25 
B240 353 Q8S8M1_ARATH [337-38] Putative retroelement integrase. 5×10-20 
B246 353 Q9SYE8_ARATH [352-26] Putative polyprotein. 5×10-25 
B94 880 B1N668_SOLLC [16-549] Copia LTR rider. 3×10-28 
Continued on the next page 
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Table 2.  Sequence information of the clones which matched to retroelements (Continued from p247). 
Clones Length Matches Begin-End Description E Value 
B238 353 Q9SYE8_ARATH 
 
[352-26] Putative polyprotein. 5×10-25 
B250 610 O23864_9ORYZ [601-2] Polyprotein. 5×10-74 
B274 383 Q2R2I2_ORYSJ [257-3] Retrotransposon protein, putative, Ty1-copia 
subclass. 
5×10-23 
B30 610 O23864_9ORYZ [601-2] Polyprotein. 5×10-74 
B4 588 O23864_9ORYZ [548-3] Polyprotein. 2×10-36 
B53 569 Q8LNK7_ORYSJ [160-2] Putative retroelement. 1×10-14 
B77 673 Q8W5J8_ORYSA [487-11] Putative retroelement. 1×10-5 
A39 274 Q09JM0_ARGMO [6-272] Putative polyprotein, identical. 1×10-36 
A20 309 A7WLR0_VIBAN [288-202] Transposase IS630 (Fragment). 8×10-8 
B143 610 O23864_9ORYZ [601-2] Polyprotein. 5×10-74 
B225 215 Q8W5J8_ORYSA [169-11] Putative retroelement. 8×10-5 
B8 739 Q2QUJ4_ORYSJ [158-400]  [21-
143] 
[402-488] 
Retrotransposon protein, putative, Ty1-copia 
subclass. 
6×10-30 
A167 729 Q2R3T2_ORYSJ [225-1] Retrotransposon protein, putative, Ty3-gypsy 
subclass. 
1×10-22 
A24 349 Q6L3S3_SOLDE [418-2] Putative gag-pol polyprotein, identical. 2×10-59 
A27 274 Q6F2D6_SOLDE [6-272] Putative polyprotein, identical. 1×10-36 
B46 728 B2BXM3_ARALY [95-727]  [39-89] GagPol3. 5×10-85 
B92 610 O23864_9ORYZ [601-2] Polyprotein. 5×10-74 
B175 383 Q2R2I2_ORYSJ [257-3] Retrotransposon protein, putative, Ty1-copia 
subclass. 
5×10-23 
B252 452 Q5MG92_IPOBA [338-21] Putative retrotransposon polyprotein. 1×10-5 
B231 610 O23864_9ORYZ [601-2] Polyprotein. 5×10-74 
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Table 3.  Sequence information of the clones which matched to genes. 
Clones Length Matches Begin-End Description E Value 
A14 312 A4QMB1_PINKO [311-165] ORF58e 8×10-21 
A156 321 YCF1_GOSHI [1-321] Putative membrane protein ycf1 (RF1). 4×10-18 
A247 389 A7Q8B9_VITVI [379-80] 
 
Chromosome chr14 scaffold_63, whole genome 
shotgun sequence. 
5×10-21 
A44 432 Q9AVH2_PEA [407-12] Putative senescence-associated protein (Fragment). 2×10-68 
A47 444 Q6U1F5_CADTA [2-442] Photosystem I P700 chlorophyll A apoprotein 
(Fragment). 
2×10-79 
A9 444 Q6U1F5_CADTA [2-442] Photosystem I P700 chlorophyll A apoprotein 
(Fragment). 
2×10-79 
B131 558 Q9XQZ3_9MAGN [556-2] ATP synthase subunit beta (EC 3.6.3.14) 
(Fragment). 
4×10-98 
B133 499 A4QMB0_PINKO [186-377] ORF64d. 2×10-29 
B132 558 Q9XQZ3_9MAGN [3-557] ATP synthase subunit beta (EC 3.6.3.14) 
(Fragment). 
4×10-96 
B123 558 Q9XQZ3_9MAGN [556-2] ATP synthase subunit beta (EC 3.6.3.14) 
(Fragment). 
4×10-98 
B146 558 Q9XQZ3_9MAGN [556-2] ATP synthase subunit beta (EC 3.6.3.14) 
(Fragment). 
4×10-98 
B151 363 Q9TLJ2_SIMCH [98-361] ATP synthase subunit beta (EC 3.6.3.14) 
(Fragment). 
5×10-36 
B191 558 Q9XQZ3_9MAGN [3-557] ATP synthase subunit beta (EC 3.6.3.14) 
(Fragment). 
3×10-97 
Continued on the next page 
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Table 3.  Sequence information of the clones which matched to genes (Continued from p249). 
Clones Length Matches Begin-End Description E Value 
B192 558 Q9XQZ3_9MAGN [3-557] ATP synthase subunit beta (EC 3.6.3.14) 
(Fragment). 
3×10-97 
B20 499 A4QMB0_PINKO [186-377] ORF64d. 2×10-29 
B233 494 Q9SYE8_ARATH [493-2] Apocytochrome f precursor. 5×10-87 
B249 498 A4QMB0_PINKO [185-376] ORF64d. 2×10-29 
B206 558 Q9XQZ3_9MAGN [556-2] ATP synthase subunit beta (EC 3.6.3.14) 
(Fragment). 
1×10-97 
B33 499 A4QMB0_PINKO [187-377] ORF64d. 2×10-29 
B44 360 A4QMF6_PINKO [102-4] ORF40x. 9×10-10 
B45 472 Q8M900_SAUCE [275-3] Photosystem I P700 chlorophyll A apoprotein 
(Fragment). 
1×10-42 
B68 584 Q95FP8_9MAGN [582-118] ATP synthase subunit beta (EC 3.6.3.14) 
(Fragment). 
6×10-74 
B84 221 Q09JM0_ARGMO [145-8] 10 kDa putative secreted protein. 9×10-15 
B88 208 Q09JM0_ARGMO [145-8] 10 kDa putative secreted protein. 9×10-15 
B262 300 A7YXM6_9ALVE [1-276]  [1-273] 
[4-276] 
Polyphenolic adhesive protein 1-like protein. 0.0002 
A4 216 A6YA57_9MAGN [216-1] Ycf2. 4×10-36 
B69 558 Q9XQZ3_9MAGN [556-2] ATP synthase subunit beta (EC 3.6.3.14) 
(Fragment). 
4×10-98 
B83 300 A7YXM6_9ALVE [1-276]  [1-273] 
[4-276] 
Polyphenolic adhesive protein 1-like protein. 0.0002 
B229 147 YCX91_PHAAO [3-128] ORF82c. 8×10-16 
Continued on the next page 
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Table 3.  Sequence information of the clones which matched to genes (Continued from p250). 
Clones Length Matches Begin-End Description E Value 
A31 300 A7YXM6_PERCH [1-276]  [1-273] 
[4-276] 
Polyphenolic adhesive protein 1-like protein. 0.0002 
B21 499 A4QMB0_PINKO [186-377] ORF64d. 2×10-29 
B264 300 A7YXM6_PERCH [1-276]  [1-273] 
[4-276] 
Polyphenolic adhesive protein 1-like protein. 0.0002 
B75 516 CYF_DIOEL [226-2] Apocytochrome f precursor. 1×10-27 
A51 221 RK2A_POPAL [219-19]  [34-2] Chloroplast 50S ribosomal protein L2 A. 2×10-21 
B160 499 A4QMB0_PINKO [186-377] ORF64d. 2×10-29 
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Table 4.  Sequence information of the clones which matched to “Putative uncharacterized protein”. 
Clones Length Matches Begin-End Description E Value 
A117 247 Q3HKA5_TOBAC [247-80] Putative uncharacterized protein. 2×10-21 
A113 401 A5BK92_VITVI [400-2] Putative uncharacterized protein. 2×10-44 
A146 392 Q3HKA5_TOBAC [238-80] Putative uncharacterized protein. 3×10-19 
A152 232 A8P6U5_BRUMA [108-1] Putative uncharacterized protein (Fragment). 1×10-12 
A164 247 Q3HKA5_TOBAC [247-80] Putative uncharacterized protein. 2×10-21 
A171 247 Q3HKA5_TOBAC [247-80] Putative uncharacterized protein. 2×10-22 
A187 246 Q3HKA5_TOBAC [246-79] Putative uncharacterized protein. 2×10-22 
A215 374 A8NMG1_BRUMA [35-295] Putative uncharacterized protein. 6×10-17 
A212 374 A8NMG1_BRUMA [35-295] Putative uncharacterized protein. 6×10-17 
A25 349 A5BPB3_VITVI [166-2] Putative uncharacterized protein. 6×10-22 
A28 221 A7T7N0_NEMVE [47-145] 
[123-221] 
Predicted protein (Fragment). 3×10-13 
A49 236 Q3HKA5_TOBAC [246-88] Putative uncharacterized protein. 5×10-19 
A50 249 Q3HKA5_TOBAC [184-80]  [242-165] 
[249-220] 
Putative uncharacterized protein. 3×10-10 
A54 401 A5BK92_VITVI [400-2] Putative uncharacterized protein. 4×10-48 
A60 374 A8NMG1_BRUMA [35-295] Putative uncharacterized protein. 6×10-17 
A102 401 A5BK92_VITVI [400-2] Putative uncharacterized protein. 4×10-48 
B12 535 A5C0J4_VITVI [89-343] Putative uncharacterized protein. 1×10-38 
B232 482 A5AZ88_VITVI [470-3] Putative uncharacterized protein. 2×10-43 
Continued on the next page 
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Table 4.  Sequence information of the clones which matched to “Putative uncharacterized protein” (Continued from p252). 
Clones Length Matches Begin-End Description E Value 
B39 518 YCX1_CALFG [259-29] Uncharacterized 8.8 kDa protein in rps12-
tRNA-Val intergenic region. 
1×10-28 
B37 680 A4GYV9_POPTR [330-136] Putative uncharacterized protein. 3×10-26 
B41 518 YCX1_CALFG [259-29] Putative uncharacterized protein. 1×10-28 
B70 395 A5AQZ7_VITVI [319-98] Putative uncharacterized protein. 9×10-20 
A3 502 A5BK92_VITVI [400-2] Putative uncharacterized protein. 4×10-48 
A38 401 A5BK92_VITVI [35-295] Putative uncharacterized protein. 4×10-48 
A37 374 A8NMG1_BRUMA [35-295] Putative uncharacterized protein. 6×10-17 
B122 482 A5AZ88_VITVI [470-3] Putative uncharacterized protein. 9×10-44 
B177 483 A5AZ88_VITVI [471-91]  [104-3] Putative uncharacterized protein. 9×10-38 
B93 482 A5AZ88_VITVI [470-3] Uncharacterized 8.8 kDa protein in rps12-
tRNA-Val intergenic region 
9×10-44 
B64 482 Q95FP8_9MAGN [470-3] Putative uncharacterized protein. 9×10-44 
B78 178 Q0WLP3_ARATH [177-1] Putative uncharacterized protein. 1×10-25 
A8 339 Q9RXQ4_DEIRA [338-3] Putative uncharacterized protein. 8×10-19 
B73 650 A5CBU4_VITVI [487-230] Putative uncharacterized protein. 1×10-15 
A145 360 Q5M9Y6_TOBAC [3-359] Putative uncharacterized protein orf214. 1×10-46 
A159 360 Q5M9Y6_TOBAC [3-356] Putative uncharacterized protein orf214. 1×10-52 
A67 360 Q5M9Y6_TOBAC [3-359] Putative uncharacterized protein orf214. 3×10-44 
A74 360 Q5M9Y6_TOBAC [3-359] Putative uncharacterized protein orf214. 1×10-46 
Continued on the next page 
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Table 4.  Sequence information of the clones which matched to “Putative uncharacterized protein” (Continued from p253). 
Clones Length Matches Begin-End Description E Value 
A52  343 A5AM64_VITVI [334-2] Putative uncharacterized protein. 2×10-34 
B125 237 Q0KIP3_SOLDE [237-1] Polyprotein, 3'-partial, putative; Flags: 
Fragment 
2×10-26 
B239 482 A5AZ88_VITVI [470-3] Putative uncharacterized protein 3×10-43 
A35 343 A5AM64_VITVI [334-2] Putative uncharacterized protein. 2×10-34 
A83 360 Q5M9Y6_TOBAC [3-359] Putative uncharacterized protein orf214. 1×10-46 
B28 742 Q3BAI1_PHAAO [631-326] [362-240] Putative uncharacterized protein rps12. 1×10-46 
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Table 5.  Sequence information of the clones which were unknown. 
Clones Length Begin-End Description E Value 
A106 292 [191-45] Sortase family protein. 8.1 
A18 225 [58-171] Putative uncharacterized protein. 6.2 
A235 194 [159-82] Putative uncharacterized protein. 2.1 
B26 379 [376-47] 
 
12 days embryo spinal ganglion cDNA, RIKEN full-
length enriched library, clone:D130015H21 
product:BCL2-associated transcription factor 1, full 
insert sequence (Fragment). 
4.8 
B266 320 [4-84] Predicted protein. 0.56 
A16 338 [25-165] Predicted protein. 1.6 
A62 338 [25-165] Predicted protein. 0.15 
A23 425 [278-147] PRO0529 (HCG1780467). 0.73 
A32 332 [231-34] TY1 enhancer activator. 8.2 
A43 338 [25-165] Predicted protein. 1.6 
B214 320 [4-84] Predicted protein. 0.56 
A36 292 [278-147] PRO0529 (HCG1780467)                                    0.73 
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Appendix 10.     Settings for TAS Application suite. 
Before printing of the array, the TAS (Total Array System) Application Suite software 
(BioRobotics® v 2.6.0.1) had to be configured and the parameters to print 2 arrays were set up as 
follows: 
Option Tab: 
Tool type –    Tool: 2x1/re-arraying tool 
     ‘2x1’ means two pin was used for printing 
Pin refill frequency – Spots per source visit: [(9 spots/slide x No. of slides) + 15 
blotting spots], therefore to print 2 slides, spots = 33 
‘Source’ means position of wells on the 384-well plate with 
samples present 
‘9 spots/slide’ means 1 source printed in triplicate in 3 grids 
per slide  
‘blotting spots’ means No. of pre-print spots so that printed 
spots on array have a consistent size and shape 
Wash frequency –   Wash before pin refills 
     To prevent carry-over of samples 
Source Tab: 
Microplate options –   Microplate type:  384-well (low profile) 
     No. of plates:  1 
However, there will be 1152 spots/grid since they will be 
printed in triplicate. Therefore, 12 x 32 configuration 
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Source loading into adaptor plates – Hold 1 plate at a time 
     Plates do not have lids 
Source action –   Dwell 
Target Tab: 
Size –     12 x 32 
Pitch:  0.280 mm 
Meaning distance between centers of spots is    
0.280 mm. 
Adapter plate and slide layout – 5 targets 
     Meaning 3 pre-spot slide followed by 2 array slides 
     Slide layout: Mirror horizontal margins 
     X- and Y- spacing adjusted to fit 3 grids/slide 
Target action –   Delay before spotting: 0.000 s 
     Target height:    0.248 mm 
     Dwell time:    0.000 s 
     Multiple strikes:   1 
     Pre-spotting:   15 spots 
Pitch:     0.280 mm 
Slide layout – Adjusted X and Y spacing in mirror horizontal margins so 
that No. of pre-spots is less than spots per slide 
Edit soft touch –   Soft touch:  Target height 0.248 mm 
     Soft touch distance: 1.000 mm 
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     Speed:   4.0 mm/s 
Climate:   For DMSO buffer,  
Target humidity at 55 % 
Minimum humidity at 55 % 
     Bath 1&2:  Used both bath for 3 s 
     Action:   wiggle 0.3 mm 
     Behavior:  0.0 mm 
     MWS:   Used main wash station for 1 cycle 
        Entire wash cycle 2 times 
Any other parameters that have not been mentioned were kept at their default settings. 
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Appendix 11.       Subarrays patterns on the slides for printing. 
S: Subbary; T: Technical replicates 
Top margin:  6.10 mm; Left margin:  6.24 mm; Bottom margin: 7.94 mm 
 
 
Note: B1: used for hybridization with DNA isolated from fresh CHM samples. 
   B2, B3: used for hybridization with DNA isolated from dried CHM samples. 
S 3 
S 1 
S 2 
